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City of Sugar Land Design Standards

1.0 GENERAL AND PROCEDURAL REQUIREMENTS

1.1 General

1.1.1 Purpose

These Standards describe the general requirements, procedures and technical standards for the
preparation of construction plans and supportiogudhents required to gain project approval
from the City of Sugar Land.

These Standards are intended to represent the minimum level of engineering practice required for
projects in the City and provide a starting point for rational engineering desipe. City
Engineer may require specific design elements, in addition to those contained in these Standards,
to address unique public safety or other issues at a specific project site.

1.1.2 Definitions

Unless specifically defined below, all words and terms usedhis document carry their
commonly associated meanings relative to the context in which they are used. When consistent
with the context, words used in the present tense include the future, words in the plural include
the singular, words in the singulanclude the plural, and terms expressing gender include the
gender not stated.

Access Easement.An easement designated on the final plat which provides access to platted
tracts excepting singlamily and Twefamily Residential. The easement shall grévately
maintained.

City Engineer. The City official granted this title as defined in the Development Code or their
authorized representatives.

Collector Streets Street routes that have short travel distances and collect traffic, from inner
city streets and funnel it into arterials or other collector streets as identified in the Master
Thoroughfare plan or an approved TIA.

Commercial Driveway Approach. The portion of a driveway within the public rigbft-way

that provides access to property which an office, retail, commercial center, or a building
having more than three dwelling units is located or any driveway approach which accesses
property that is primarily used for a noesidential purpose.
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Dead End Street. A street, other than a lede-sac, with only one outlet.

DeadEnd Waterline. Any waterline having only one tia to another waterline. Waterlines that
loop and tie back into themselves are still considered dead end waterlines.

Design Analysis The narratives and calculationscessary to explain and support a project
design.

Design Engineer. The Professional Engineer in responsible charge of the design of a public
infrastructure or other project within the City or its ETJ.

Development. A planning or construction project ialwving substantial property and usually
including the subdivision of land and a change in land use character.

Development Review Coordinator. The City staff person responsible for accepting and
tracking plats, construction plans and other submittals reld t o t he Cityds a
proposed project.

Drawings. Plan, profile, detail, and other graphic sheets to be used in a construction contract
which define the character and scope of the project.

Easement. This term shall mean an encumbrance omgbel property tha¢ntitlesan entity to
specificuses and rights.

Final Plat. A map or drawing of a proposed subdivision prepared to meet all of the
requirements for approval by the Planning and Zoning Commission. Distances shall be accurate
to the narest hundredth of a foot. The final plat of any lot, tract, or parcel of land shall be
recorded in the records of Fort Bend County, Texas. An amended plat is also a final plat.

Pavement width. The portion of a street available for vehicular traffioni back of curb to
back of curb.

Professional Engineer An engineer currently licensed and in good standing with the Texas
Board of Professional Engineers.

Professional Land Surveyor A surveyor currently registered and in good standing with State
of Texas Board of Professional Land Surveying.

Regulatory Entity. A regulatory entity is a state or local governmental entity whose regulations
or requirements may affect a projectbs desigr
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but are not limitd to Fort Bend County, water authorities, river authorities, subsidence districts,
levee districts, and municipal utility districts.

Review Authorities. The authorized representatives of
sections responsible for rewag and approving calculations and drawings for public
infrastructure projects including design and construction contracts with the City.

Specific Approval. A written approval from the City Engineer for a deviation from these

standards in the design dad construction plans for a project within the City or its
extraterritorial jurisdiction.

1.1.3 Approval required

Construction plans for projects within the C
approved by the City Engineer.

All approvalsrequired in these Standards are the responsibility of the project owner. Failure to

obtain appropriate approvals may be grounds for suspension of construction until appropriate
approvals are granted.

1.1.4 Construction Plans Required

Construction plans foall infrastructure projects that connect to, affect or effect the public
infrastructure shall be approved by the City of Sugar Land as required by City ordinance.

1.1.5 Compliance with City Ordinances Required

All projects that are required to conform to th&andards shall also be in compliance with all
applicable ordinances in the City. Projects should be reviewed for compliance with the
following list of ordinances as applicable.

A. Subdivision

B. Zoning

C. Flood Plain Management

D. Traffic
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E. Sign
F. Water and Sewer

It is the responsibility of the Design Engineer to review and determine the applicability of City
ordinances to the project. It is the responsibility of the City Engineer to review the project and
advise the Design Engineer obncompliance with applicable City ordinances and these
Standards. The City Engineer has the discretion to require compliance with any existing City
ordinance before approving the projectbés cons

1.1.6 Compliance with other laws and regulations

All construction plans and supporting documentation shall conform to the requirements of these
Standards and the regulations of all Federal, State, County, and Local entities having jurisdiction.

1.1.7 Preliminary Meeting

The Development Review Committeeda€City staff will make themselves available for a
preliminary meeting to discuss a proposed project with the Design Engineer and owner. This
preliminary meeting may be scheduled with the Development Review Coordinator prior to
submittal of any document®rf review. The purpose of this meeting is to discuss the project
concepts and to establish the status of requirements and issues that may be pertinent to the
project. A preliminary meeting is not required.

1.1.8 Right of Way and Utility Service Coordination

The Design Engineer is responsible for researching all-afyiatay utility service providers with

an interest in the project site. The Design Engineer or owner is responsible for proper
coordination with each utility service provider with an interesthm project site. All rights of

way and utility service easements must be properly reflected on plats and construction plans.
Rights of way holders and utility service providers at a project site may include but not be

limited to the following entities.

A. City of Sugar Land
B. Fort Bend County Engineer

C. Fort Bend County Drainage District
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D. Texas Department of Transportation
E. Alltel Sugar Land Telephone

F. Center Point Energy

G. Reliant Energy

H. Municipal Utility Districts

I. Lewee Improvement Districts

J. Cable Television Companies

K. Railroad Companies

L. Pipeline Companies

1.1.9 Capacity Allocations

1.1.9.1 Water and Wastewater Services

The owner or Design Engineer wil/l notify the
capaity requirements, expressed in equivalent shigieily connections (ESFC). If the City
determines that a developmentds capacity reql
Citydébs water or wastewater systdtmonalanalygssofCi ty n
those impacts to determine if mitigation measures are necessary. Alternatively, the owner will
rei mburse the City for its costs associated w
Mitigation will be required in order fothe City to maintain adequate levels of water or
wastewater service, including flow rates, pressure, and other service characteristics, or to comply
with the Cityés regulations, City master plan
requiredadditional analysis may include running hydraulic models or determining the impact to

the downstream sanitary system from increased flows, as required by the City. Implementation

of the mitigation measures will be the responsibility of the owner.
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1.1.9.2 Drainage

Prior to beginning construction of a project, a current commitment of drainage capacity for the
proposed development, including the status of any drainage fees that may be due or have been
paid, will be required. The commitment shall be issuedheyFort Bend County Drainage
District or the City and a copy must be furnished to the City Engineer.

1.1.9.3 Traffic

The City may require trip estimates for proposed development. The trip estimates shall be based

on the latest version of the Institute of Tansr t at i on Engi neer so ATI
MANUALO. I f the trip estimates exceed 100 t
require a traffic impact analysis to determine necessary traffic mitigation measures to maintain

the required intersection lelvef service. The City may also require a traffic impact analysis if

the City Engineer determines that one is justified by special conditions.

1.2 Design Review Procedures for Public Infrastructure Projects

1.2.1 Initial Submittal

Submit five (5) copies of cormsiction plans and supporting documentation to the Development
Review Coordinator for review. Plans will be circulated to appropriate Departments and
comments will be returned to the Design Engineer in a timely manner. When plans are
submitted that confom to these Standards, without a Specific Approval or Variance request, the
Development Review Coordinator will endeavor to return comments no later than fourteen (14)
working days after the submittal date.

1.2.2 Approval Letters

1.2.2.1 Utilities

Submit approval leers for all plats from all public and private utilities and other entities affected
by the project. The approval letter shall state that service will be available to the project, where
appropriate, and that there is no objection to the project. Iteisa$ponsibility of the design
engineer to coordinate with public and private utilities to address conflicts with existing utilities.
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1.2.2.2 Government Agencies

Confirmation in writing of preliminary approval by the Fort Bend County Engineer, the Fort
Bend Couty Drainage District Engineer and any other affected agency shall be provided to the
City, when a facility owned or operated by the agency is affected.

1.2.3 Final Submittal

After all City comments have been adequately addressed, submit one set of lghydducéle
drawings and two (2) sets of copies of the final construction plans to the Design Review
Coordinator. A City of Sugar Land approval signature block shall be provided on each set.

1.2.4 Final Approval

The reproducible construction plan set will hgned by the City Engineer or their designee,
typically within two (2) weeks.

The reproducible plan set for all traffic signal and ¥Efated projects shall include a signature
block for plan approval by the Traffic Engineer.

1.2.5 Recording

All separate or special easements that may be required for construction shall be recorded in the
Fort Bend County Official Records, subject to the surety clause requirements of the City of
Sugar Landdés Development Code Subdivision Reg

1.3 Construction Procedure Requirements for Public Infrastructure Projects

1.3.1 Pre-Construction Meeting Required

Prior to the start of construction, a gre@nstruction meeting must be conducted for each project.
The Design Engineer must request that the €ityedule a preonstruction meeting. The City
will conduct the preconstruction meeting within 5 working days of the request. A City
representative must attend the-pomstruction meeting.

1.3.2 Start of Construction
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Construction shall not begin until consttion plans are signed by the City of Sugar Land.
Construction shall not begin within an existing easement or-ofgiMay until all permits and/or
any rightof-way use agreements are negotiated between the parties.

The Design Engineer or contractdradl notify the City at least fortgight (48) hours prior to
beginning construction. The City will make periodic inspections of the construction.

1.3.3 Construction Representation Required

Full time construction representation by the Design Engineeringafirits project team shall be
provided during construction of public utilities in accordance with the requirements of the
creation ordinance for any utility district.

1.3.4 Progress Notifications

The City shall be notified at least one City working day or tydour (24) hours, whichever is
earlier, prior to each time concrete is placed on the project, all pipe/manhole inspection tests,
bacteriological tests and other tests includinggtaale and concrete, that may be required.

The City shall be notifiedt least fortyeight (48) hours or two city working days, whichever is
earlier, prior to initial and final inspection of the project. The City staff will be present during all
initial and final inspections.

1.3.5 Plan Revision Requests

Design changes from ppved construction plans shall be approved by the City Engineer. The
Design Engineer will submit plan revision requests in writing to the Development Review
Coordinator. The City will respond in writing within five (5) working days. In lieu of this
process, the City Engineer may, at his discretion, allow plan revisions to be reflectedBoiitAs
plans.

1.3.6 Record Drawings

After completion of the project and as a condition for initial acceptance, the Design Engineer
shall provide the Development Rew Coordinator one set of reproducible record drawings and

one copy of the record drawingsnd el ectronic files of the proj
in section 1.4.2 B and 2.4.1Record drawings shall reflect the facilities constructed and all
significant horizontal and vertical changes made from the approved plans during constifuction.
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the drawings included a grading plan, the grading plan in the record drawings must reflect as
built elevations established by a survey completed under thervgipe of a licensed
professional land surveyor.

1.3.7 Other Records

For all projects, all delivery tickets for all materials (e.g., concrete, cement stabilized sand) shall
be maintained by the contractor and shall be made available for review by the Thiége
delivery tickets shall be maintained for a minimum of one year from initial acceptance of the
project.

An approved subdivision plat and applicable easements shall be recorded in the Fort Bend

County Plat Records and in the Fort Bend County @ffieecords, subject to the surety clause
requirements of the City of Sugar Landbés Deve

1.4 Approval and Acceptance of Public Infrastructure Projects

1.4.1 Approval Required before placement in Service

Public Infrastructure mjects shall have received final approval of the City prior to placing any
project facilities in service for use by public.

1.4.2 Initial Acceptance

Initial acceptance by the City shall be granted in writing when the following items are complete:

A. Constrution is completed in accordance with the approved construction plans and the
outstanding punch list items have been completed;

(A) (1) - Follow-up inspections of all public infrastructures shall be scheduled within 60 days

of the initial inspection. A coplete reinspection and a new punch list may be required after
the sixty (60) day period.

B. All record drawings in the specifie@lS, Scanned TIF Image and eitheD&N, DWG
(AutoCAD) or DXF (Drawing Exchange) formats specified in section 2.4.has leen
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submitted to the City and the Design Engineer has certified the record drawings are
complete and correct;

C. All bond requirements, as detailed in 1.4.3, for the project have been met and copies of
the bonds have been provided to the City;

D. All other public entities having jurisdiction over the project have given their approval of
the project with copies of the approvals provided to the City, and

E. The City has received a certification from the Design Engineer that all materials installed
in the project are complete in place in accordance with approved plans and specifications.

F The City has received the final cost documentation including all bid component and field
changes.

1.4.3 Final Acceptance

Public works projects ithin the City of Sugar Land and extraterritorial jurisdiction will be
subject to a minimum one (1) year maintenance period. An inspection prior to the end of this
maintenance period will be scheduled and conducted by the City and all other entitigs havin
jurisdiction. The developer must furnish a street light layout to the City as a condition for final
acceptance. All facilities, including street lighting, shall be operational and in good condition at
the time of this inspection.

The City will grant fnal acceptance to a project in writing after this inspection and all punch list
items identified in the inspection are completed.

1.5 Right-of-Way Use Permits

1.5.1 Right-of-Way Use Permit Requirements

The requirements for Riglaf-Way use permits are outlinedi t he City of Sugar
Ordinances.

1.5.2 Project Plans Required
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The owner or authorized agent shall submit project plans and supporting documents as requested
by the Rightof-Way Manager in order to receive a RigtitWay use permit. The owner af

project shall be responsible for location of all facilities in the area of construction. All disturbed
areas within the public Rigidf-Way are to be restored after construction.

1.5.3 Private Facilities

Private facilities permitted within a public Rigbt-Way shall be the maintenance responsibility

of the private entity. If private facilities are not maintained in good order, the permit shall be
void and the facilities shall be removed at the expense of the private entity. Upon request of the
City of Swgar Land, or entity having jurisdiction, facilities shall be removed, relocated or
replaced at no cost to the City of Sugar Land.

1.6 Easements

Minimum easement requirements are set for in the Sugar Land Development Code Subdivision
Regulations.

1.7 Abandonment of Facilities

If a new project will abandon existing facilities, the plans shall provide for the appropriate
abandonment of these facilities.

1.7.1 Mains

Abandonment of utility mains in private easements shall consist of filling the main with grout or
slurry. The grout or slurry must be capable of being pumped into place. The construction plans
shall include details of the method proposed for abandoning all other mains.

1.7.2 Manholes

All abandoned manholes shall be removed to a level not less than four lteetgoade. All
inlets and outlets shall be securely plugged and the structure filled with stabilized sand.
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1.7.3 Lift Stations

Lift stations shall be abandoned by removal of all pumps, motors, couplings, valves, and controls
from the dry well and all apptemances above finished grade. Both the wet well and dry well
shall be cut down five feet below grade, filled with cement stabilized sand, and covered with top
soil to grade. The associated force main shall be properly abandoned, including cutting and
plugging both ends and grouting the main. The lift station site shalhmgetated.

1.7.4 Other Utility Facilities

All other utility facilities to be abandoned shall be noted on the construction plans and the
procedures for abandonment included in the Caostm notes.

1.8 Variances, Specific Approvals, and Approved Products List

1.8.1 Maintenance & Amendments

These Design Standards shall be maintained, amended, and kept current by the City Engineer in
accordance with the requirements of the Sugar Land Develap@ede Subdivision
Regulations.

1.8.2 Specific Approvals

Plans that do not conform to the requirements of these Standards shall not be approved without
first obtaining a Specific Approval for each deviation. Specific Approvals must be approved by
both the CityEngineer and the City Manager.

Requests for Specific Approvals shall be submitted to the City Engineer in a detailed written
request and shall only be authorized in writing. A request for Specific Approval shall be
submitted with the project plans andish include sufficient supporting documentation to allow

the City Engineer to make a wdtiformed decision. If additional information is needed, the

City Engineer will inform the Applicant or Design Engineer of the additional information
required, and marequire such additional information or data to be signed and sealed by a
Registered Professional Engineer to support the request, if necessary. The City Engineer will
have fifteen (15) business days t cecisioesnghend t o
merits of the request, a request for more information, or a notice detailing when action will be
taken on the applicantbés request.

The City Engineer shall evaluate each request in accordance to the following criteria:
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A. The performance dhe proposed design is equal to or better than the design required by the
Design Standards.

B. The performance of the proposed design requested for Specific Approval accomplishes the
intent of the Design Standards.

C. The Specific Approval must be consist with current engineering best practices; and

D. The Specific Approval will not be detrimental to the public safety.

After review, the City Engineer will issue a Letter of Specific Approval or a letter of denial for
each Specific Approval request.

An applicant may appeal the determination of the City Engineer to the Executive Director of
Community Development. All appeals must be prepared and sealed by a Professional Engineer
Registered with the Texas Board of Professional Engineers. The ExecugatoDcan either

uphold the determination of the City Engineer or may require the City Engineer to reconsider the
determination in light of specific points raised by the Executive Dire@ecisions of the

Executive Director can be appealed to the Glgnager in the same manner as appeals from the

City Engineer. The City Manager's determination is final. When considering an ajyeeal, t
Executive Director or City Manager will each have fifteen (15) business days to respond to the
appl i cant ibher witheagdecesisnt gn the merits of the request, a request for more
information, or a notice detailing when actio

Construction work related to any Specific Approval item shall not begin until the City has
granted approval in writing. Any work that proceeds without a written Specific Approval will be
subject to removal and replacement in accordance with these Standards.

1.8.3 Approved Products List

The City Engineering Department will maintain an Approved Prduest. The Approved
Products List will contain materials and manufactured items that have received prior Specific
Approval for use in construction of a project. Items not appearing on the Approved Products
List shall not be used for construction of jeiis within the City or its extraterritorial jurisdiction
without a Specific Approval unique to that project.

The Approved Products List may be expanded to include additional items at the discretion of the
City Engineer.

New products proposed for apped shall be locally available from a reputable supplier. A

complete submittal of information regarding the proposed approved product and samples of the
product shall be submitted to the City Engineer for review. The City Engineer and Public Works
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Department will review the product information and make a determination on inclusion of the
proposed product. If recommended for inclusion, the final approval of the product for inclusion
on the Approved Products List will be granted by the City Engineer.
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2.0 CONSTRUCTION PLAN SHEETS AND GRAPHICS REQUIREMENTS

2.1 Construction Plan Set

2.1.1 Required Sheets

Coversheett A copy of the fASeed Cover Sheet Fileo c
office. The cover sheet shall include a vicinity map; the projectname he consul ting
/| architectds name, address and phone number ;

standard signature block and an index to all plan sheet numbers.

Vicinity Map : Each set of plans shall include a map showireglalation of the project within

the City or its ETJ. The map shall show an area sufficient to locate the project relative to the
closest intersection of two major collectors or arterials. If appropriate, the map should also show
nearby features of intest or a sensitive nature. These items may include but are not limited to
schools, churches, parks, playgrounds, etc.

Final plat: for Record Drawings, the recorded plat shall be included here.

2.1.2 Sheets to be included as Applicable

Drainage Area Map

Drainage Calculations

Detention Pond Plan

Drainage Details

Traffic Control and Pavement Marking Layout
Lot Grading Plan

Paving and Sidewalk Layout Plan

Utility Layout Plan

Utility Plan and Profiles
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Erosion Control Plan
Specific Construction Details
Key Drawings: In addition to plan and profile sheets, each set of construction drawings should

include paving and utility key drawings indexing specific plan and profile sheets if the project is
of sufficient size.

2.2 Drawing Requirements

2.2.1 Drawing Size

Plans shall be standard tweithyee inch by thirtysix inch (23" x 36") Federal Aid Sheets or
twenty-four inch by thirtysix inch (24" x 36") overall dimensions.

2.2.2 Engineering Certification

The seal, date, and original signature of the Design Engiespomsible for preparation of the

plans is required on each sheet in accordance with the rules and regulations of the Texas State
Board of Professional Engineer s. The engi nee
rules and in a format that wiléproduce on prints.

2.2.3 Standard Scales

The standard scales permitted for plans and profiles are as follows:
A. Arterials or Collectors or special intersections/ situations:

Arterials:

1" = 4' Vertical; 1" = 40" Horizontal

Collectors:

(a 1&ext2aal; 10 = 206 Horizontal scale
sufficient detail).

B. Minor streets and utility projects:
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1" = 5' Vertical; 1" = 50' Horizontal
1"=4 Verticacl);rl" = 40' Horizontal
C. Key Drawings (Index Layou}s
1" =100' or 1" = 200' ( Horizontal)
The scales described above are the minimum allowable. Larger scales may be used to show

details of construction as required or approved. Deviations to these scales must receive Specific
Approval of the City Engieer.

2.2.4 Survey Control

At a minimum, a bench mark elevation and description is required on each plan and/or profile
sheet to indicate the ability to maintain appropriate spatial control of the work.

owners/Design Engineers shall utilize GPS Technologyvésurgrade GPS) to acquire
permanent benchmarks for all development.

2.2.5 Stationing

Stationing must run from left to right except for short streets or lines originating from a major
intersection where the full length can be shown on one sheet. Do not phde Imes in
intersections.

2.2.6 North Arrow

A north arrow is required on all plan sheets and shall be oriented either upward or to the right.

2.2.7 Legend Required

All plans shall include a legend describing standard symbols.
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2.2.8 Reproducible Drawing Requirements

Plans prepared for the City of Sugar Land shall be prepared using permanent ink, photographic
or other approved process on Mylar.

2.2.9 Property Boundaries Required

All property ownership and easement information must be shown on the construction plans.
When ownership, easement, and rightway recording information is not shown on the plat
included in the plans, this information will be shown on the construction plan sheets. Show all
lot lines, property lines, righaf-way lines, and easement lines fdr @asements, existing and
proposed.

2.2.10 City Standard Details

Standard City details shall be used for all applicable situations unless a Specific Approval or
Variance is approved by the City Engineer.

2.3 Features

2.3.1 Roadways

If a roadway exists where plansdreing prepared to improve or construct new pavement or to
construct a utility, this roadway shall be labeled as to its existing width, type of surfacing, and
base thickness, if available.

Roadway plans shall be drawn to accurate scale and show prgpegsment typical cross
sections and details, lines and grades, and all existing topography within the stresftwigit

At intersections, the cross street shall be shown for a sufficient distance in each direction along
the cross street to depict thesign of adequate street crossings.

Grades shall be labeled for the top of curb except at railroad crossings.

Curb return elevations and grades for turnouts shall show in the profile.

Gutter elevations are required for vertical curves where a railraeklis being crossed.
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The surface elevation at the property line of all existing driveways shall be shown in the profile.
Station all esplanade noses affected by proposed construction, both existing and proposed.
Stationing shall be provided for gbints of curvature, points of tangency, radius returns and
grade change points of intersection in the plan view. Additionally, stationing shall be provided

for all radius returns and grade change points of intersection in the profile view. The pfevatio
of all stationed points must also be provided in the profile view.

2.3.2 Utility Lines

All utility lines four inches (4") in diameter or larger within the rigiftway or construction
easement shall be shown in the profile view. All utility lines, regasdté size, shall be shown
in the plan view. Resolve all known conflicts of proposed utilities with existing utilities.

2.3.3 Ditches & Culverts

Show flow line elevations and direction of flow of all existing ditches and related driveway
culverts.

2.3.4 Natural Ground & Profiles

Show natural ground profiles along the centerline of each-oifgiMay or easement line except
as required below. When there is a difference of 0.50 feet or more from onefrighy or
easement line to the other, show dual Hgitvay profiles.

2.3.5 Special Structures

Details of special structures not covered by approved Standard Details, such as stream and gully
crossings, shall be submitted in advance to the Engineering Department for approval. Once
approved, special structures shmd detailed and noted on the plans.
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2.4 Graphic Standards

The graphic standards for the City of Sugar Land are described in this section. Additional more
detailed information related to the graphic standards can be found in Appendix A.

2.4.1 Electronic Submittals

The City requires electronic submittals of all project plans and plats. All electronic submittals
are to be provided on CD ROM ar DVD and comply with the following:

A. GIS FORMAT:
GIS submittal shall be in the format being used by the GI§ plan, at the time of submission,

including all attribute fields. Contact the City of Sugar Land Public Works GIS for current GIS
format.

B. SCANNED IMAGE FORMAT:

Scanned image submittal shall be in full size, 300 dpi tiff image (.tif) formaty @
sheet per tiff image shall be allowed and sheets shall be scanned in plan set sheet order.

C. AUTOCAD & MIRCOSTATION FORMATS:

1. Drawings are to be provided in AutoCAD drawing (.dwg) or drawing exchange (.dxf)
format.
2. Data Layers shabe structured as outlined 1in the

(Section 2.4.2). Each layer shall only include line work and text pertaining to that layer.
Files not structured as requested will not be accepted.

3. All data shall be provided in trigzale (1:1 ratio)

4, All data shall be geoeferenced using either benchmarks or GPS points within the data.
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5. All coordinate data shall be in Texas South Central Zone (4204), State Plane, North

Design Standards

American Datum 1983, survey feet.

6. Reference Sectiod.7 for vertical datum requirements.

2.4.2 City of Sugar Land AUTOCAD & MIRCOSTATION Drawing Layer Descriptions

# Layer Name Description

1 CL Centerlines of Roads/Streets

2

3

4 BOUNDARY Exterior Plat Boundaries; Subdivision Boundaries

5 BUILDINGFP Building Footprints

6 BUILDNGLN Building Lines

7

8

9

10

11 DRAINAGE Detention /Retention Ponds/Ditches

12 EASEMENT Easements Utility / Landscaping / Drainage

13 ETJ Extra Territorial Jurisdiction Lines

14 GAS Natural Gas Meters/ Gas Lines

15 HYDRO Creeks / Bayous / Rivers / Lakes / Ponds / Canalg

16 LOTLINE_EXI Existing Lot Lines / Reserves

17 LOTLINE_PRO Proposed Lot Lines / Reserves

18 LOTNOS Lot Numbers / Block Numbers

19 MATCHLN Match Lines

20 PVMNT_EXI Existing Pavement

21 PVMNT_PROP Proposed Pavement

22 ROW Right of Way Lines

23

24 SANSEWER_EXI Existing Sanitary Sewer Lines/ Lift Statio
Stacks/Manholes/etc

25 SANSEWER_PRO Proposed Sanitary Sewer Lines/ Lift Stati
Stacks/Manholes/etc

26

27 STORM_EXI Existing Sorm Lines / Inlets / Manholes/etc

27 Division 2, Construction Plans & Graphics



City of Sugar Land

Design Standards

# Layer Name Description

28 STORM PRO Proposed Storm Lines / Inlets / Manholes/etc
29 STREET _NM Street Names

30 SUBDIVNM Subdivision Names / Section Numbers

31 SURVEYDT Survey Data

32

33 TOPO Topographic Lines

34 UTIL_EXI Existing Utilities

35 UTIL PROP Proposed Utilities

36 WATER_EXI Existing Water Lines |/
37 WATER_PRO Proposed Water Lines |/
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3.0 GENERAL DESIGN REQUIREMENTS

3.1 Utility Locations

All utilities shall be underground witthe exception of electric primary lines. The electric
primary lines (defined as feeders or three phase lines) shall be located around the subdivision
perimeter whenever possible. See Chapters 4, 5, and 6 for detailed design standards related to
Water, Saitary Sewer, and Drainage utilities.

3.2 Cement Stabilized Sand for Bedding and Backfill

Cement Stabilized Sand that complies with the following is to be used for bedding and backfill
of utility lines within the City. The Sand must:

A. Be Portland Cementype I, ASTM C150.

B. Be clean, durable sand, with less than 0.5 percent clay lumps, ASTM C142; with less
than 0.5 percent lightweight pieces, ASTM C123; with organic impurities, ASTM C40,
and a plasticity index of less than six (6) when tested in aanoedwith ASTM D423
and ASTM D424,

C. Compact to ninetfive percent (95%) Standard Proctor Density (ASTM D2382and
ASTM D3017%78) in lifts of eight inches (8") thick. Actual testing may be required by
the City Engineer.

D. Consist of at least one @mnehalf (1-1/2) sacks of cement per cubic yard of sand. The
cememtsand mixture shall have a minimum unconfined compressive strength of one
hundred pounds per square inch (100 psi) in fergyt (48) hours, when compacted to
ninety-five percent (95%)of Standard Proctor Density (ASTM D2928 and ASTM
D301778), without additional moisture control, cured and tested in accordance with
ASTM C31.
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3.3 Private Facility Locations

Private facilities shall not conflict with other facilities in the rigiitway and must be permitted
in accordance with 1.5.1

All private facilities in the rightof-way shall be located at least two feet (2") behind the curb and

all underground facilities in the riglof-way shall be located at least two and-tiadf feet (2.9’

below the top of curb on a public street. Landscape irrigation facilities may be located a
mi ni mum of twelve inches (1206) below the top

Landscaping within the public rigluf-way or adjoining easements shall not affect public
utilities or raffic visibility.

3.4 Crossings

3.4.1 Highway Crossings - All State and County Roads

State Highway crossings shall be constructed in conformance with the requirements of the Texas
Department of Transportation.

All utilities, except storm sewers, shall becaged in a steel pipe casing extending at least five
feet (5') from the outside edge of each service road or outside edge of pavement, across the right
of-way to a similar location on the other side of the highway. For highway or roadway crossings
with open ditches, the casings shall extend from rfhtvay to rightof-way.

Where additional righof-way has been acquired or will be required for future widening, the
casing, where required, shall be carried to within ten feet (10" of each futurefrighy line.

3.4.2 Crossings of City Streets

All pressurized utility crossings must be encased under the following conditions:

- Bored under any existing roadway.

- Crossing under a new street classified as an arterial or greater.
The encasement shall be a minimunPMC pipe, SDR 26, as shown on the City of Sugar Land
Standard Details. Welded steel pipe may be substituted by Specific Approval.
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Crossings under existing concrete streets, other than arterials or larger, shall be constructed by
boring and jacking. YC pipe shall be jacked into place using equipment designed for that
purpose. Water may be used to facilitate the boring and jacking operations. Jetting the pipe
main into place will not be permitted.

When conditions warrant an open cut across an egistireet, a Specific Approval for the open

cut is required. All open cut installations under existing or proposed streets shall be backfilled in
accordance with the Citydés Standard Detail s.
requirement®f Section 3.2.

Bore, Jack, and Tunnel procedures and operations shall be in accordance with the Texas
Department of Transportationds current Standa

3.4.3 Railroad and Pipeline Crossings

All utility railroad and pipeline crossings shall leathe approval of the easement holder and the
pipeline or railroad owner if not the same. All crossings shall be designed in accordance with
any design conditions contained in the applicable approvals. Copies of the approvals are to be
submitted with the&onstruction plans in accordance with Section 1.2.2.1.

3.4.4 Elevated Stream and Ditch Crossings

All elevated utility stream and ditch crossings shall be steel pipe and extend a minimum of
fifteen feet (15) beyond the last bend or to the rafhwvay line, whichever is greater. The
Design Engineer must perform hydraulic calculations to prove that the crossing does not increase
the water surface elevation of the stream or ditch.

Elevated support structures must be located a minimum of ten feet (10') fyoexiating or
proposed structure. Supporting lines on existing or proposed bridges is acceptable if it is
demonstrated that adequate structural capacity and sufficient clearance exists for installation
under the bridge. .

Design elevated crossings withetelevation of the bottom of the line above the low chord of the
nearest adjacent bridge or a minimum one andhaifefeet (11/2") above the 10¥ear Flood

Plain elevation, whichever is greater. When crossing a ditch, approval letters from the
controling authority must be obtained and submitted in accordance with Section 1.2.2.1.

All elevated crossings shall include air release valves, at the highest point of the line, and
pedestrian pipe guards. The Design Engineer shall provide sufficient spaih lkeng
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accommodate the cross section of future widening of the stream or ditch, if information on
ultimate design is available. For separate line support structures, support the line on columns
spaced to accommodate the structural capacity of the pipetinsidering deflection and
loading. The column support design must consider at least the following factors soil bearing
capacity, column spacing, and dead and live loadings. The Design Engineer must submit the
design calculations for support columns #meir spacing.

3.4.5 Underground Stream and Ditch Crossings.

All underground stream and ditch crossings require a Specific Approval. At underground
crossings, provide a minimum five (5') feet of clearance above the top of the pipe to the ultimate
flow line of the ditch. The crossing shall have a sufficient cased length to accommodate the
ultimate future development of the stream or ditch. All lines shall be approved material with all
joints mechanically restrained and shall extend a minimum of fifteen ¥88tkieyond the last

bend or to the righof-way line, whichever is greater.

3.5 Construction Safety

All construction within the City and its extraterritorial jurisdiction shall conform to the latest
revision of all applicable OSHA regulations.

3.6 Street Lighting

A. The installation of street lighting is required by the Sugar Land Development Code, Sec.
5-35(b)(4)

B. The location of street lights will be designed by Center Point Energy and reviewed and
approved by the City of Sugar Land.

C. Private lighting systemsre not permitted within the City of Sugar Land and its
extraterritorial jurisdiction

D. Street lights shall be designed in accordance with the requirements set out in Appendix E.

3.7 Bench Marks

An iron rod benchmark shall be placed within every subdivihanis less than five (5) acres in
size with X and Y coordinates (3rd order or better). An existing National Geodetic monument
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shall be identified as a reference point. If there is an existing rod which meets these
requirements, that rod may be usedaasfy this design requirement.

A permanent benchmark shall be set in every subdivision five (5) acres in size or greater with X,
Y and Z coordinates. Every effort shall be made to create the monument such that it can be GPS
observable (no trees or ohead obstructions). An existing National Geodetic monument shall

be identified as a reference point and indicated upon the City of Sugar Land Survey Sheet (see
Figure 2). The bench mark shall have an elevation based on the National Geodetic Vertical
Datum of 1929, 1973, and adjusted to the most current datum.
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SHEETWATER BLYD

PARKING AREA
FOR
VILLIAWS TRACE
BAPTIST CHURCH

(CONC. )

el

MARKFR RN N8

GENERAL LOCATION BR&SS DISK LDCATED ON THE SOUTH SIIE US 59 (IN ROW AT
CORNER OF THE PARKING LOT FOR THE WILLIAMS TRALE
Br\FT ST CHUR 0.1 NILE SﬂUﬂ'MEST OF FIRST COLONYS
KEY NAP+  60B SWEETWATER BL

CORDINATES  TEXAS STATE FLANE DATUMI  NAD 33 AMD NAVD 8B

COORDINATE IYITEN, IIUTH CENTRAL ZOME. BASED ON HGCED 70, 2000 AR
LATTITUDE= 23°35 09, 46598 N
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ELEYATION: 72,174

FRIS STRVEYING, INC. Crry oF SuGan Lann

FIGURE 2

33 Division 3, General Design



City of Sugar Land Design Standards

A permanent bench mark shall be required near the entrance of the subdivision. The concrete
footing for the bench mark shall be eight inches (8") in diameter and three feet (3') deep.
Concrete shall be reinforced with two number four #2) steel rebar. Alternately the disc may

be set in a spillway, headwall, or lift station. All permanent bench mark locations shall be
provided with ties to existing monuments including X, Y, Z cawates using the Texas State
Plane Coordinate System, South Central Zone, Datum NAD 83 and NAVD 88. The benchmark
shall be located in an area that allows public access, is out of the path of traffic, and is near an
area that a surveyor/engineer can sabalk a vehicle. All permanent bench mark elevation and
horizontal location data shall be certified by a registered professional land surveyor, and meet the
Texas Society of Professional Surveyor Association standards for a Category 8 TSA Third Order
Vertical Control Survey. The benchmark installation requires a Specific Approval.

Construction plans, record drawings, and digital CAD data must clearly identify locations of
existing permanent benchmarks and iron rod benchmarks. Construction plansdraaands,

and digital CAD data must also contain a complete description, with coordinates, elevations,
datum, and adjustment dates of each permanent and iron rod benchmark.

3.8 Flood Plain

All construction projects shall comply with the requirements of tléddal Flood Insurance
Program and the Cityods Flood Damage Preventi
Development Code as well as the regulations of all other Regulatory Entities having jurisdiction.

All construction within the regulatory flopthin must apply for a floodplain development

permit. Construction within the floodplain is prohibited until this permit is approved by the
City's Floodplain Administrator.

Questions related to flood maps, map revisions, etc. are to be addresseditathe@s FI ood P
Administrator.

3.9 Geotechnical Requirements

This section describes the minimugeotechnical investigation requirements for design of
utilities and streets within the City and its ETJ. Data from earlier project design activities can be
usedif the data is sufficient and of a reliable nature.

A geotechnical investigation by borings is required for design of:

1 Underground utilities using open cut methods.
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T

T

Underground utilities to be bored beneath existing streets, pipelines or other absruct
or structures.

Street paving.
Construction which could affect the integrity of adjacent structures, with the exception of
utilities at a depth less than 5 feet, interconnections such as service connections, and

meter vault installations.

Detentionponds, lakes and/or dual amenity facilities.

When necessary based on project type and requirements, investigations shall include the
installation of piezometers when boring logs indicate whéaring layers. When piezometers
are installed the Design Einger must ensure:

T

At a minimum, that water levels are measureeh@drs after initial installation and just
prior to removal and grouting,

That piezometers are spaced no greater than 2500 feet apart, and

That piezometers are abandoned in accordantealliapplicable regulations.

3.9.1 Investigation Recommendations

The findings and recommendations that are to result from a geotechnical investigation are
dependent upon the project type and shall consist of at least the following:

A.

Opencut Trenches: Bedidg, backfill, excavation wall and bottostability, thrust
restraint, ground water control requirements at boring locations, dewatering method, and
flexible pipe design parameters.

Auger Installation: Soil design parameters, ground stability, augexgavation stability,
and dewatering recommendation.

Appurtenance: Bearing capacity, lateral earth pressures, excavation stability, and
dewatering.

Open Channel: Slope angle or slope ratio, setback distance, and erosion protection.
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E. Rigid paving: pavement thickness, minimum steel reinforcing, and Lime Series tests with
recommended sub grade treatment.

F. Flexible paving: design Structural Number (SN), pavement section thickness, and Lime
series tests with recommended sub grade treatment.

G. Pavement Overlay: recommendations for rehabilitation.

H. Detention Ponds: Slope stability analysis, seepage/permeability analysis.

3.9.2 Other Requirements

All projects requiring a geotechnical investigation shall include a reconnaissance fault study to
evalwate the potential for known active faults that may impact the project. If the project is part of
a larger tract for which a reconnaissance fault study is available, the results of the study on the
larger tract may satisfy this requirement.

For privatelyfunded subdivisions in the City or subdivision developments in the ETJ, provide
representative soil borings for all utility lines that conform to the spacing and minimum number
requirements below. In cases where a development has conducted an areaoteédengal
investigation, borings that are located within 250 feet of the proposed lines may be used in lieu
of specific project borings.

Borehole sampling and testing for granular and cohesive soils shall include obtaining
undisturbed Shelby Tube saraplin cohesive soils and Standard Penetration TestEzpli¢l
samples in granular soils. . Continuous sampling shall be performed to a minimum depth of 10

feet, and at oot intervals below that depth. Additional samples shall be obtained at strata
changes encountered within the standafddd sampling intervals.

3.9.3 Boring and Sampling Requirements

3.9.3.1 Water Main, Sanitary Sewer, Storm Sewer, and Box Culverts

The following are minimum requirements for frequency and depth of borings for water main,
santary sewer, storm sewer and box culvert projects.

A. Frequency: For Ope@ut Construction and Auger Pits, soil borings shall be made at a
spacing of not greater than 500 feet with additional borings at closer spacing to better
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define areas of inconsistestratigraphy. Make borings within an offset distance of no
more than 20 feet from the centerline alignment of the utility line or at the location of the
proposed structure.

B. Depth: For OperCut Construction, boring depths shall be:
1. Trench depth lpis five feet for trenches up to 10 feet deep.
2. Trench depth plus ten feet for trenches from 10 to 25 feet deep.
3. One and one half times trench depth for trenches greater than 25 feet deep.
4, Bore an additional 5 feet if the last planned sample waiterbearing sand,

C. For Auger Pits, boring depth shall be auger pit depth plus five feet.

3.9.3.2 Lift Station Projects.

In addition to spacing and boring depth requirements of Section 3.9.3.1, at least one boring must
be made within 20 feet of the proposeehter of a lift station. For lift stations 30 feet in
diameter or larger, make one boring at the center and add borings around the periphery at a
maximum spacing of 50 feet.

For projects within the City, the boring shall extend to:

1. A depth of B babw the bottom of the lift station, or
2. A depth of 0.75 D below the bottom of the lift station,

Whichever is greater, where: B is the width or diameter of the lift station, and D is the depth of
the lift station or excavation.

For projects withinth€i t y6s ETJ, the boring shal/l be to
base of the structure.

Install a piezometer within 20 feet of the center of the lift station. Read water levels 24 hours
after drilling and again at 30 days after initial installatio

3.9.3.3 Open Channels.

Soil borings shall be made at a spacing of not greater than 500 feet with additional borings at
closer spacing to better define areas of inconsistent stratigraphy.

For channel a depth less than or equal to 10 feet, extend boringslteetthe ditch bottom to a
depth equal to the channel depth.
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For a channel depth greater than 10 feet and less than or equal to 20 feet, extend borings 10 feet
below the ditch bottom.

For a channel depth greater than 20 feet establish the boring depttovide sufficient
geotechnical information for design.

Soils information required for the design of culverts in roadside ditches less than five feet in
depth shall be obtained from soil borings made for the paving design, as described in Paragraph
3.9.34, Street Paving.

3.9.3.4 Street Paving

Soil borings shall be spaced not more than 500 feet apart.

The depth of borings shall be at least 5 feet below the top of the curb fearwhrgutter
sections and 5 feet below the crown of the road for open ditch sgctio 5 feet below ditch
invert, whichever is greater.

3.9.4 Laboratory Testing

Laboratory testing should be conducted on soil samples collected from borings at appropriate
intervals as determined by the Geotechnical Engineer. These tests should be cdndacted
laboratory that is accredited by the American Association for Laboratory Accreditation (A2LA)
using the ASTM or similar standard testing methods recommended by the Geotechnical
Engineer.

Laboratory Tests may include but not be limited to the fatgw

ASTM D 4318i Liquid Limit, Plastic Limit and Plasticity Index of Soils

ASTM D 11407 Amount of Material in Soils Finer Than the No. 200 Sieve

ASTM D 2216i Laboratory Determination of Water Content of Soil, Rock arg@bb
Aggregate Mixture

ASTM D 4227 Particle Size Analysis of Soils

ASTM D 24871 Classification of Soils for Engineering Purposes

ASTM D 21661 Unconfined Compressive Strength of Cohesive Soils

ASTM D 2850 Unconsolidated Undrained Compressive Strength of Cohesive Soils in

Triaxial Compression

ASTM D 2435i One Dimensional Consolidation Properties of Soils

ASTM D 6981 Laboratory Compaction Characteristics of Soils Using Standard Effort
ASTM D 1883i CBR (California Bearing Ratio) of Laboratory Compacted Soils
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3.9.5 Site Restoration

Clean boring sites along the developed Aghtvay by removing cuttings and mud and other
debris. Fill ruts or pits in the ground to original conditions and elevation.

3.9.5.1 Abandonment of borings and piezometers:

Piezometers shall be abandoned in accomlamth TCEQ Rules. At a minimum, backfill

boreholes with cement grout, using the tremie method if required. Boreholes or piezometers
installed in known contaminated areas, or in which contamination otherwise has been detected,
shall be abandoned in accara ce wi th the applicable solid w
Rules.

3.9.5.2 Restoration of cores through pavement:

Boreholes or other cored penetrations of pavements shall be restored with the same or equivalent
materials as the existing pavement. Larger pemaet i ons s hal | be repair
Standard Details for pavement repair. Do not restore the pavement until the borehole grout has
taken initial set to allow for settlement or shrinkage of the grout.

3.9.6 Geotechnical Report

If a geotechnical investggion is conducted, a report on the investigation must be prepared by a
Geotechnical Engineer licensed in the State of Texas and employed by a company that is
accredited by the American Association for Laboratory Accreditation (A2LA) and a copy of the
report provided to the City.

An example Table of Contents for a typical geotechnical engineering report is as follows:
Summary
1. Introduction

2. Field Investigation
3. Laboratory Testing
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4. Site and Subgrade Characterization

5. Design Criteria and Recommendations

6. Condruction Considerations and Montoring

7. Earthwork Recommendations
Attachments
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4.0 WATER SYSTEM DESIGN REQUIREMENTS

4.1 General

Water system design requirements are established based on land uses as established in this
section.

Construction and sizing of alMvater mains and appurtenances shall meet or exceed the
requirements of the Texas Commission on Environmental Quality (TCEQ), and conform to the
City of Sugar Land Master Water Plan. Copies of the Master Water Plan may be purchased
through the City of Suay Land Engineering Department.

The Public Water System shall not extend beyond the water meter. All construction to the meter
shall conform to these Standards. All private construction beyond the meter shall conform to the
requirements of the latestrg@on of the building code adopted by the City of Sugar Land.

4.2 Overall System Layout

The layout and size of all water mains shall be consistent with the overall layout and phasing of
the current Water Master Plan for the City of Sugar Land. The laydhe @verall system and

of all water mains within the City's extraterritorial jurisdiction shall be approved by the City
Engineer. The overall water system shall be designed to maintain adequate pressure throughout
the system and shall provide maximunrcalation of water to prevent future problems related to
odor, taste, or color due to stagnant water.

A source of fresh water shall be provided at each end or at multiple points in a subdivision.
Provide adequate circulation and place valves and fireahygl so that flushing of all mains will
be simplified.

Where a water main is stubbed out for future extensions, place a valve to isolate teadlead
and provide no customer services from the emadiuntil it is extended. Provide at least one full
joint, and a standard twiach (2") blow off at the end of the main. For mains larger than 12
inches, two full joints may be required at the stub out.

When system layout reaches 25 lots a second feed line shall be constructed unless demonstrated
that a secad feed line will become available during a subsequent phase of the development.
Unless the development is within a MUD, the developer must provide a surety bond to provide
for design and construction of second feed. Surety expires when second teedriscted. The

City may require the Design Engineer to verify that pressures and water supply can be
maintained.
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4.3 Water Main Sizing and Materials

The City does not permit water mains and appurtenances in the following sizesn¢hrég"),
teninch (10"), fourteeA nch (14" ) , and eighteen inch (180)
|l isted on the Cityds approved products | ist.

4.3.1 Single Family Residential Areas
Water mains in Single Family Residential Areas shall have a minimum size as follows:
A. Two-inch (2") mains may serve a maximum of two (2) domestic, residential service
connections. Twanch (2") mains shall not exceed two hundred feet (200" in length and
shall be installed with a blow off at the end of the line. All4wch (2") mains reque a

Specific Approval.

B. Fourinch (4") mains may serve a maximum of twenty (20) lots when supported on both
ends by a larger main.

C. Six-inch (6") mains shall be a maximum of one thousand five hundred feet (1,500') long
when supported on both enldg eightinch (8") mains or larger and shall have no more
than two (2) intermediate fire hydrants.

D. Eightinch (8") mains are required for mains over one thousand five hundred feet (1,500
long, or when three (3) or more intermediate fire hydrantseapgired.

E. Twelveinch (12") and larger mains will be required at locations established by the
Engineering Department.

4.3.2 Multi-Family Residential, Commercial and Industrial Areas

Water mains in MultFamily Residential, Commercial, and Industrial areshall have a
minimum sizing as follows:

A. Minimum size of mains shall be sirch (6").

B. Twelvei nch (12") and | arger mains wil|l be req
current Water Master Plan.
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4.3.3 Dead-End Mains

Deadend lines will no be allowed without Specific Approval.

4.4 Location of Water Mains

The recommended location for water mains within the faffway is five feet (5" from the
curb.

Water mains shall be placed along a uniform alignment within the-ofgivtty. When
necessary, the water main may be deflected at a fire hydrant location to accommodate proper
installation of the fire hydrant. At all locations where a water main changes alignment, the
location of the water main shall be clearly shown on the constructiors. pl& minimum
distance of two feet (2') shall be maintained from the +oftway line to the outside edge of the
water line. Easements which contain multiple water lines shall maintain a minimum separation
of five feet (506) between | ines.

For new constrction, any water main, except at a flush valve, located less than five feet (5')
from the road rightf-way line and within the rightf-way shall have a water line easement
adjoining the righiof-way. Water line easements adjoining a rghtvay for mans smaller

than twelve inches (12") shall have a minimum width of five feet (5. For mains twelve inches
(12" and greater in diameter, the easement adjoining thedighay shall have a minimum
width of ten feet (10").

Water mains may be located hiit the esplanade section of boulevard type streets with a
Specific Approval. Mains shall be located as near the centerline as possible to avoid conflicts
with future pavement widening.

Along streets with open ditch drainage, all tweilveh (12") and sraller water mains may be

located five feet (5') from the riglatf-way line, and sixteen inch (16") and larger water mains
shall be subject to a Specific Approval.

4.5 Clearance of Water Lines from Other Utilities

Water mains shall be designed and locatedcdaoform to the regulations of the Texas
Commi ssi on on Environment al Quality (TCEQ) ,
Regul ations for Public Water Systems.o (30 TA
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The minimum horizonal clearance between water mains and other utilityidiriesr (4) feet,

except for sanitary sewers where the desired clearance is nine (9) feet. The City recognizes that
it will not always be possible to achieve these clearances and has developed the following
standards to address the most commonly encadhixceptions for water main installation in

the proximity of new utilities and in proximity to existing utilities. Water main installations that

do not fit any of these standards require a Specific Approval.

4.5.1 Water Mains in proximity to New Utilities

When a water main is to be placed approximately parallel to a new sanitary sewer, if the desired
clearance of nine (9) feet cannot be provided, the sanitary sewer within nine (9) feet of the water
main must be constructed of pressure type pipe (ductile aoPVC meeting AWWA
specifications, having a minimum working pressure rating of one hundred fifty pounds per
square inch 150 psi or greater) and equipped watertight joints as used in water main construction.
The water main and sanitary sewer shall beusgpd by a minimum vertical distance of two (2)

feet, and a minimum horizontal distance of four (4) feet, measured between the nearest outside
diameters of the pipes, and the water main shall be located above the sewer.

Where the water main crosses aity sewer, and that portion of the sewer within nine feet (9')

of the water main is constructed as described above with pressure type pipe, the water main may
be placed no closer than six inches (6") from the sewer. The separation distance must be
measired between the nearest outside pipe diameters. The water line shall be located at a higher
elevation than the sewer, and one (1) joint, a minimum of eighteen (18) feet long, of the water
main must be centered on the existing line.

When a water main csges a utility other than sanitary sewer, and the desired clearance of four
(4) feet cannot be provided, a minimum of six (6) inches of clearance must be maintained, and
the water main shall have one joint of pipe, a minimum of eighteen (18) feet lobgreckean

the other utility.

4.5.2 Water Mains in Proximity to Existing Utilities

Where water mains are installed in proximity to existing sanitary sewers, every effort shall be
made to maintain nine feet (9') of separation between the outside pipe diam#tersaaf lines.

Where this separation cannot be achieved, the reasons must be fully documented in submittals to
the City Engineer. In these instances, the following standards are applicable.

Where a new water line is to cross or be installed approxynadeallel with an existing sanitary

sewer, and the sewer has been constructed of pressure type pipe as described in Section 4.5.1, the
standard described in Section 4.5.1 applies.
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Where a new water main is to be installed approximately parallel wigtirexiclay, truss, or
concrete gravity sewer showing no evidence of leakage and the water line is installed above the
sewer a minimum of two (2) feet vertically and four (4) feet horizontally, the sanitary sewer need
not be disturbed. Should the excavatior the water line produce evidence that the sewer is
leaking, the sewer must be repaired.

Where a new water main is to cross an existing clay, truss, or concrete gravity sewer showing no
evidence of leakage, the sewer need not be disturbed if the limatés to be installed at least
twenty-four (24) inches above the existing sewer. A full joint of the water main, at least eighteen
(18) feet long, shall be centered over the sewer crossing.

Existing clay, truss, or concrete sewer pipe which showyidermce of leakage and must remain

at a higher elevation than a proposed crossing water main, or within two (2) feet of the water
main, may remain undisturbed if the water main is installed in a joint of pressure type
encasement pipe at least eighteen {&@8) long and two (2) nominal sizes larger than the water
main. The encasement pipe shall be centered on the sewer crossing and both ends are to be
sealed with cement grout. In lieu of this procedure, that portion of the sewer within nine (9) feet

of the water line may be replaced with pressure type pipe as described in Section 4.5.1.

Unless sanitary sewer manholes and the connecting sewer can be made completely watertight
and tested for leakage, the water main must be installed so as to provide aimuafimine (9)

feet of horizontal clearance. Encasement of the water line in a pressure type pipe is possible with
a Specific Approval and the approval of the TCEQ.

When water mains are installed in proximity to existing utilities other than sanitagyssetive
desired four (4) feet of clearance shall be provided or the standard in Section 4.5.1 may be used.

4.6 Depth of Cover

The minimum depth of cover for water mains shall be as follows:

Twelveinch (12") and smaller mains shall have a minimum covdowf feet (4") from the top

of curb. For open ditch roadway sections, twehah (12") and smaller mains shall be installed

at least three feet (3') below the ultimate flow line of ditch or six feet (6") below natural ground at
the rightof-way line, whthever is deeper.

Sixteeninch (16") and larger mains shall have a minimum cover of five feet (5% from the top of
curb. For open ditch roadway sections, sixteeh (16") and larger mains shall be installed at
least three feet (3") below the flow lié ditch or seven feet (7') below natural ground at the
right-of-way line, whichever is deeper.
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Where depths of cover exceedeet, all joints of pipe shall be mechanically restrained. All
fittings shall be mechanically restrained.

Where conflicts arencountered with utilities or other underground facilities, the depth of cover
may be reduced to-f2et from top of curb. Changes in grade may be made by deflecting the pipe
up to one half of the manufacturers allowed deflection. Vertical deflections wittubends are
not permitted except by Specific Approval.

4.7 Valves

4.7.1 Valve Types

Al | water system valves shalll conform to AWW
Approved Products List.

A. Two-inch (2") through twelvench (12") valves shall bgate valves, countelockwise
opening with puston joints. Valves shall have a complete coating on all iron parts in the
valve interior to eliminate corrosion.

B. Sixteeninch (16") and larger valves may be butterfly valves with complete interior
coatng to avoid corrosion of all iron parts. All butterfly valves shall be installed in a vault
of adequate size and construction.

C. Cast iron valve boxes are required on all gate valves less than or equal to-isistieen
(16"). Valve vaults are required afi valves larger than sixteench (16").

D. All valves shall be sized equal to the size of the main on which it is located.
4.7.2 Valve Spacing
Valves shall be set at maximum distances along the main as follows:

A. Fourinch (4") through twelvénch (12" mains, inclusive one thousand five hundred
feet (15000)

B. Sixteeninch (16") and larger maingwo thousand feet (2,000).

C. All main intersections shall have a minimum of one (1) less valve than the number of
mains at the interséon.

D.  Atthe discretion of the City Engineer, additional valves may be required on any public
water main for maintenance purposes.
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4.7.3 Valve Location

Valves shall be located as follows:

A. All mains shall have their valves within th&eet rightof-way. Valves shall not be
placed under or within two feet (2") of ultimate pavement.

B. Valves are normally located on the projection of intersecting streetaighay lines or
at the curb return adjoining a paved street across the rmaipping sleeves and valves
are excluded from this requirement.

C Al'l valves on water mains must include a s
pad at grade level. Line size and direction must be marked within the concrete per the
constructiordetail.

D. All fire hydrants shall be isolated from the service main with a valve located in the fire

hydrant lead.

E. Intermediate valves not located on the projection of intersecting streebfiglaty lines
may be located at lot line projectionsfiwe feet (5) from fire hydrants.

F. Valves shall be placed at the end of all mains that are to be extended in the future, and the
main shall be extended a minimum of twenty feet (20" past the valve. For mains larger
than 1206, the mlhomt ghfaddét bed@&) epaetd t he Vv

G. In cases where the main leaves the rigfatvay or easement adjacent to the rightvay
a valve shall be placed at the point of intersection of the main anebfigfdy line.

4.8 Fire Hydrants

Fire hydrants shallbeaf t ype | i sted on the Cityds Approve
4.8.1 Fire Hydrant Spacing

Fire hydrants shall be spaced along all mains six inches (6") and larger as follows:

A. Single Family Residential Areag-ive Hundred Foot (500" Spacing.

B. Multi-Family Residatial, Commercial, and Industrial Area3hree Hundred Foot (300"
Spacing and at all street intersections.
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C.

Fire hydrants shall be set at street intersections when possible while satisfying the spacing
requirements above.

4.8.2 Fire Hydrant Locations

Fire hydrants shall be located as follows:

A.

Fire hydrants shall be located between two andratiefeet (21/2") to three and orlealf

feet (31/2") behind the back of curb or projected future curb and be set at the point of
curvature (PC) of the intersemti curb radius. A parallel tee may be used for a fire
hydrant lead at the water main when specifically approved by the Engineering
Department. Fire hydrants may be located in the esplanade section of City streets only
with specific approval.

On all Sate Highways and opeatlitch roadways, set the fire hydrants or flushing valves
within three feet (3') of the righaf-way.

Fire hydrants located between rigiftway intersections shall be set at a lot line,
however, this location may be adjusted figet (5') either way to miss driveways or other
obstructions, in which case the fire hydrants shall not be closer than three feet (3') from
curbed driveways or five feet (5') from noaorbed driveways.

All fire hydrants shall be located in protectedt easily accessible areas.

Fire hydrant elevation shall be measured from the bottom of the flange to final grade and
shall be a maximum clearance of six inches (6") with a minimum clearance of two inches

(2.

The depth of bury for all fire hydnés shall be established such that the bury line on the
fire hydrant is installed at the ground line at each location or at the finished ground after
pavement construction is completed. The depth of bury for fire hydrants shall be shown
on the constructio plans. Minimum cover for fire hydrant leads shall be four feet (4"
and shall be shown on construction plans.

The minimum clearance between a fire hydrant and a sanitary sewer line or appurtenance
shall not be less than nine (9) feet.

Six-inch (6") fire hydrant leads shall not exceed one hundred and twenty feet (120").

Fire hydrants (flushing valves) shall be color coded on the fire hydrant, bonnet and cap
All fire hydrants shall be blasted to near white metal, primel &imil DFT inorganic
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zinc (carborzinc 11 or approved equal) and final coated with rust type enamel as per
specification. The colecoded paint shall be as follows:

Color Water Main Diameter (In.)
Orange Greater than 16"
Green 126"

White 8"

Yellow 6"

4.9 Fittings and Appurtenances

All fittings, tees and bends on a waterline must be restrained joint. These fittings must be
Megalug or an approved equal.

Al | fittings and appurtenances shall be Iis
appropriate for the application. All fittings ghibe identified and described on the construction

plans. Fittings are not permitted in fire hydrant leads without a Specific Approval. All plugs

shall be provided with retention clamps.

Polyethylene tube encasement shall conform to the minimum recurterof "Polyethylene
Encasement for Gray and Ductile Gasin Piping for Water and Other Liquids”, ANSI/AWWA
C105, current revision. Soils within the project shall be tested in accordance with Appendix A of
ANSI/AWWA C105 to adequately determine theuggments for encasement.

Concrete thrust blocking shall be required on all bends, tees, plugs and combinations thereof.
Refer to the Cityds Standard Detail s. Bends

The maximum allowable size of a tapping sleeve and vaivero existing pipe is one size
smaller than the pipe diameter of the main to be tapped.

4.10 Water Line Offsets

PVC pipe is required for offset assemblies.
assemblies.

Ductile iron pipe with approverstrained joints is an acceptable alternative.
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All dwuctile 1tron and PVC products used must

4.11 Crossings

Installation of a water main across a proposed or existing highway, county road, public street,
railroad, pipeline, or drainage way shall conform to the requirements of Section 3.4.4.

4.12 Water Service Connections

4.12.1 Water Service Connections in Single Family Residential Areas

Water service connections from the main to the curb stop shall be installednagergals from

the Approved Products LisAll water service leads shall be located at the opposite corner of the
sanitary sewer service leads for each property. If it is not possible for both the water and sanitary
leads to be located at the corner, thiea sanitary lead may deviate from the corner to meet
minimum separation requirements. (See Fig) 4

> (R IES
T [N

Figure 41

The minimum size of water service line and fittings shall be aimgte (1") single meter
connection for homes having more than threausand (3,000) square feet of living area. For
homes with less than three thousand (3,000) square feet of living areainaloE") diameter
water service line with double thregiarter inch (3/4") meter connections will be permitted.
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Each individual dt must have its own individual service lead if being serviced by far side leads.
Far side double service water leads are prohibited.

Water service lines shall be placed at a minimum depth of #ikxtynches (36") below final
paving elevation.

Water neters shall be fiveightsi n ¢ h (5 /il (") disglacement type, magnetic drive
cold water meters. The operator will install meters at the time of building construction on the
lot.

Meter boxes shall be located in the public rigfitvay at theright of way line along the
projection of a lot line wherever possible. Location of meters on open ditch streets requires a
Specific Approval.

All water service fittings and appurtenances for all projects shall be approved by the City and
shall be listedn the Approved Products List.

Public maintenance shall end at the water meter. The water meter box or vault shall be
constructed to meet the City's requirements and will be maintained by the operator.

4.12.2 Water Service Connections in Multi-Family Residential, Commercial, and
Industrial Areas

Service meters that are two inches (2") and smaller shall be set in publiofrighy or water

line easement, but protected from traffic behind curbed sections. Meters may be located in the
water main easementquided the water main easement is located such that the accessibility and
protection of the meter is as specified immediately above.

Service meters that are three inches (3") and larger shall be set in an exclusive water meter
easement, preferably a gréeift area, with minimum dimensions of ten feet by twenty feet (10

X 20" and shall be located in easily accessible areas, adjoining a publiofrighy or water

line easement, but protected from traffic behind curbed sections.

The location of the sere line tee, valve, valve box and temporary plug shall be designated on
the construction plans in the appropriate location to serve the "future meter".

All Commercial developments that have a single property owner shall have master meters sized
adequatelyo serve the entire development. Commercial developments that are intended to have
multiple property owners may have individual meters that are served by a public water system.
Exceptions to this policy require a Specific Approval. Meters shall belledsta compliance
with the Citybds Standard Detail s.
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Public maintenance shall end at the meter. The meter and meter vaults shall be constructed to
meet the Cityds requirements and wil|l be main

All apartments shall have master meteized adequately to serve the entire development.
Exceptions to this policy require a Specific Approval. Meters shall be installed in compliance
with the Citybés Standard Details and shall i n

Residential water seice leads shall be installed and tested before the installation of paving. All
service leads shall be included in all hydrostatic and bacteriological testing

4.12.3 Fire Lines in Multi-Family Residential, Commercial, and Industrial Areas

A back flow preveter/detector check assembly shall be required on fire lines.

Detector check assemblies shall include double check valves, a leak detection meter and isolation
valves. It is recommended that the detector check assembly be installed in a vault. Refer to t
Citybés Standard Detail s.

Detector check assemblies shall be installed in an access easement adequately sized to allow
utility personnel to read the meters and shall be located at the end of City maintenance
responsibility, on private property and ass# to the righof-way line as possible.

All detector check assemblies within the City of Sugar Land will be installed by Contractor and
maintained by the property owner. In the extraterritorial jurisdiction, all detector check
assemblies will be reviezd by the City of Sugar Land, installed by Contractor, and maintained

by the property owner.

All fire lines shall be equipped with isolation valves. Fire lines served by asit=amater
service shall have an isolation valve at the point of conneatidhet public water main. Fire
lines served by a faside water service shall have an isolation valve at the point of connection to
the public water main and at the point the fire line intersects the property line of the property
being served.

Public maitenance for fire lines served by a neate water service connection shall end at the

isolation valve at the point of connection to the public main. Public maintenance for fire lines
served by a faside water service shall end at the isolation valveteatat the property line.
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4.13 Additional Standards

4.13.1 Special Construction Features

In conjunction with the design, the engineer shall determine the extent of, and fully exemplify on
the plans, all special construction features required to complete thetpnogemanner of safety,
convenience, and economics.

4.13.2 Bore & Jack Sections

Bore and jack sections shall be clearly shown on plans by location and footage. The following
criteria are generally used as a basis for setting bore and jack sections.

A. Public Streets All public streets are to be bored and jacked regardless of surface.

B. Driveways- Whenever it is cost effective, concrete driveways in good condition shall be
bored and jacked. Where driveways cross culvert pipe sections along opestraits
and the proposed water main is in close proximity and parallel to the culvert pipe, the
length of bore shall be the same as the length of culvert pipe.

C. Sidewalks- When the water line crosses under a sidewalk four feet (4') or more in width
and in good condition, the sidewalk shall either be bored and jacked or the sidewalk shall
be removed and replaced to the City of Sugar Land criteria, whenever it is cost effective.
Bore and jack length shall be at least the width of the sidewalk. Tipegwo type of
construction shall be noted on the plans.

D. Trees- When saving trees and shrubs are a consideration, all trees six inches (6") and
larger in diameter within ten feet (10") of the centerline of the water main must be noted
on the plans. Ténwater main shall be bored and jacked within the drip line of any tree
larger than six inches (6") in diameter.

E. Bore Pits- Bore pits shall be at least five feet (5') from back of curb. Bore pits in
highway, county road, or railroad rigbf-way sh#l conform to these requirements and to
the requirements of the crossing permit and/or use agreement.

4.13.3 Open Cuts
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Where open cuts are required in street paving, plans shall call for steel plate covers to be

installed and maintained over the cut duringqus when contractor is not actively engaged in
work at the site. Streets that are open cut shall be "saw cut".

4.13.4 Site Restoration

All existing developed areas shall be restored to original condition after construction.

4.13.5 Barricades and Signs

Proper baicades and signs, conforming to the Texas Manual of Uniform Traffic Control
Devices, are required on all projects. Adequate signs for vehicular and pedestrian traffic shall be
installed.

4.14 Public Water Supply Wells and Potable Water Treatment Plant
Requirements

These standards describe the general requirements for public water supply wells and potable
water treatment plants. Public water wells and potable water treatment plants shall be owned and
operated by either the City or a municipal utility distdpproved by the City.

4.14.1 Site Requirements

A. Properties for water plants, wells, and tank sites shall be conveyed in fee to the City of
Sugar Land or the approved municipal utility district.

B. Sites shall meet at least one of the following conditionadoess:

1. Have 60 feet or more of frontage directly on at least one public street having a
right-of-way width not less than 50 feet.

2. Have at least a 6fbot-wide fee strip access from a public street having a-oéht
way width not less than 50 feet

C. Sites must comply with current State regulations related to public water supplies in all
respects. These regulations are currently contained in 30 TAC Chapter 290.
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D. The minimum site size shall be 6,400 square feet; the site must be of a s&t®pad
such that all necessary wells, equipment, appurtenances and zoning buffers are located
wholly within the site.

E. Access Road:

1. Provide an alweather road of not less than 12 feet (12") in width to the site. The
road shall be constructed asancrete road with curb within public right-way.

2. Inside the site, an aWeather surface shall be provided for reasonable access to
wells, booster pumps, chlorine rooms, fuel tanks, and all other areas requiring
proximate vehicle access.

3. An acces control gate shall be placed a minimum of (20) twenty feet from the
edge of pavement of the adjacent public street.

F. Internal Site Horizontal Spacing:

1. Wells:
a. Locate wells a minimum of 40 feet from the site boundary.
Provide 60 feet by 40 feef open area on one quadrant of the well
for laying out drill pipe during well repair.

b. No public street righof-way, utility easement, or power company
aerial easement shall encroach on the area within 40 feet of the
well. No physical obstructionshall be located within 30 feet of
the well with the exception of equipment and appurtenances
directly related to the well ds op

C. Where space permits, locate well discharge piping and auxiliary
power at right angles to the direction of well &axe

2. Elevated Storage Tanks:

No site boundary, public street rigbt-way, utility easement or power company
aerial easement shall be located within 40 feet of the outer perimeter of the
elevated tank at its maximum section.

3. Ground Storage Tanks:
a. Locate ground storage tanks a minimum of 20 feet from any site boundary,
public street righbf-way, utility easement, or power company aerial
easement.
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b. Locate ground storage tanks a minimum of 20 feet from plant structures
and equipment.

C. Provide at least 10 feet of clearance between ground storage tanks and
centerline of plant piping, except where segments of piping are routed
directly to the tank.

4. Yard Piping:

a. Underground yard piping larger than 6 inches shall be separated at ledst 4 fee
between nominal outside diameters. Provide a minimum of 3 feet (3") of
clearance for abovground yard piping to include all flanges, valves,
activators, supports and appurtenances.

b. The centerline of yard piping shall be a minimum of 6 feet from site
boundaries and utility easements.

c. Locate underground yard piping so that thrust blocking, if anly be located
wholly within the site boundary and does not encroach upon an easement
outside the site boundary. Encroachment upon access fee stripsitsguer
G. All water plant sites shall be fenced in accordance with the City of Sugar Land Zoning
Ordinance Requirements. Fencing shall be located on the property line. All vehicle gates
shall have a minimum clear opening of 15 feet in width.
H. Grading and Drainage:

1. Use drainage swales, sidewalks and driveways, culverts, storm sewers, or a
combination thereof for internal site drainage.

2. If an offsite storm sewer or major drainage channel is available, site drainage shall
be collected into amternal storm sewer system before leaving the site.

3. Internal storm sewer system shall be sized for site drainage and shall have
capacity for water well blow off, tank overflow, and drainage.

4, Vegetation shall be established on all unsurfaced afehe site and access strip.

4.14.2 Water Well Requirements

All Public Water Supply wells must be constructed in accordance with applicable TCEQ and
Fort Bend County Subsidence district rules and regulations. The well casing and screens shall be
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designed to aninimum of 1,500 gpm regardless of pump size. The casing and liner (interior
casing) diameters shall be sized to allow the pump to be lowered into the liner based on the
manufacturer's minimum clearances between the pump and the liner. The Designrishgithee
demonstrate that sufficient piezometric head is available above the casing/screening lap to allow
for lowering the pump to a sufficient depth to provide capacity for a twenty year period based on
the most current available y@ar draw down datadm the Fort Bend County Subsidence
District.

Design well piping so that the well will discharge directly to ground or elevated storage tanks.
The well may have a direct pipe connection, including disinfection, into the distribution system
by Specific Appoval. Design this direct connection to allow emergency operation of the well
independent of booster pumps, ground storage tanks, or pressure tanks. The well and
disinfection system shall be designed to operate under such conditions. Size the pump colum
pipe to provide a minimum velocity of 4 feet per second to raise any sand to the surface.

The aboveground piping shall be sized for proper operation of the check valve and water meter.
Normal velocities shall be 4 to 8 feet per second. Provide a séappéand an air release valve

and a pressure gauge between the check valve and flow meter. Provide 10 pipe diameters of
straight pipe leading into the water meter and a minimum of 2 pipe diameters of straight pipe
downstream of the water meter or instail accordance with the meter manufacturer's

recommendati ons, whi chever i's greater. See
installation.

Al l ot her equipment installed in relation to
Listandinsta | ed i n accordance with the Cityés Stand

4.14.3 Booster Pumps

A. The minimum booster pump sizes shall be based upon:
1. Minimum combined pump and motor efficiency shall not be less than 75 percent.
2. Pumps shall be installed in combinations thatl wllow for flexibility of
operations. Options include:
a. The use of a small capacity "jockey" pump for low demand situations to

minimize wear on larger pump starting equipment.

b. The use of controls that allow alternate operation.
C. Other pumps sid as required to meet actual design flows and pressures
required.
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d. The use of variable speed pumps and equipment for facilities with less
than three booster pumps.

3. Pumps at the same location shall be designed for the same discharge pressure.
B. Ony pumps | isted on the Cityds Approved Pr
C. Booster Pump operations shall satisfy the following:

1. Pump speed shall not be greater than 1,800 rpm.

2. The minimum rated design discharge pressure shall be 60 psi or as datednstr
by hydraulic modeling that a lower pressure at the booster would allow the
system to maintain a minimum pressure of 45 psi under all operating conditions
with the exception of emergency conditions.

3. Pump operation shall be controlled by pressdiféerentials as a function of
system demand. Pressure sensing shall be in accordance with Section 4.15.6.3 of
these Standards.

4, Booster pumps shall be locked out of operation by activation of ground storage
tank lowlevel cutoff alarm circuit.

D. Motors:

1. Electric motors of less than 300 horsepower shall-pba&e, 46&0lt operation.
Motors of 300 horsepower and larger may operate at higher voltages. Booster
pumps at a plant shall be three phase and shall operate at the same voltage as the
other booster pumps. Motor voltages >460 shall include diagnosing equipment
that will allow for remote measurement of V, A, PF, W;fh

2. Size electric motors to accommodate the maximum deggnating load of the
booster pump without using motor sieevfactor.

3. Service factor on motors shall be 1.15 minimum.
4, Motor enclosures may be open dpmof, WR1, or totally enclosed fan cooled.
5. It is recommended that motors of 150 horsepower or greater have reduced voltage,

autotransformer startigp, 65 percent tap.

6. Electric Motors greater than 50 horsepower must be power factor corrected to
95%. Documentation supporting the power factor correction shall be provided. .
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7. Include space heaters on motors that are not located within buildings.

4.14.4 Headers and Yard Piping

Al | headers and yard piping shal/l be constr
Products List and appropriate for the application based on good industry practice.

4.14.4.1Design Velocities

The design velocities in headers amaldypiping shall conform to the following:
1. Suction Headers:

a. Flow velocity in suction piping, before any reducers, shall not exceed 4
feet per second.

b. Flow velocity in suction headers shall not exceed 4 feet per second.
2. Discharge Headers:

a Flow velocity in discharge piping shall not exceed 6 feet per second.

b. Flow velocity in discharge header shall not exceed 5 feet per second.

3. Yard piping: Velocity in yard piping shall not be less than 2 feet per second or
more than 8 feet per sawh

4, Calculate velocities assuming both suction feeds are open and both distribution
lines are open from the discharge header (i.e.;hatfeof total flow in each
direction).

5. Do not include the capacity of stabg pumps in the calculation of pedlow

maximum velocities.

4.14.4.2Anchorage and Blocking

Anchorage and blocking is required as follows:
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1.

Provide reaction blocking, anchors, joint harnesses, or other acceptable means for
preventing movement of piping caused by forces in or on buried pipsgwses,
plugs, or bends. Refer to the Cityods

Place concrete blocking so that it extends from fitting into solid undisturbed earth
wall. Concrete blocks shall not cover pipe joints.

4.14.4.3Suction and Discharge Headers

Suction and disdrge headers shall conform to the following:

1.

Headers located next to walls or structures shall be a minimum of 3 feet to the
outside of the pipe from such walls, structures, to allow for access to valves and
fittings.

Provide adequate space andemscbetween headers, piping, pumps and motors to
allow proper clearances and access for maintenance and repair. Specific
requirements will depend upon actual physical layout and sizes of components.

Suction headers shall be supplied from two soungeferably one at each end.
Provide cutoff valves to allow for isolation of  header from each supply
source. Provide at least one intermediateofuvalve in the header to allow for
at least one pump to be supplied at all times.

Discharge heademshall feed the distribution system through two separate supply
lines. Provide cubff valves to allow each distribution line to be isolated.
Provide at least one intermediate-otit valve in the discharge header to allow at
least one pump to supply edthdistribution line at all times.

Suction piping from the suction header to pump suction nozzles shall be as short
and direct as possible and shall be larger in diameter than pump suction nozzles to
minimize suction head loss. Reducers used in sugtiping shall be eccentric
reducers installed with the flat side on top to reduce air pockets trapped in the
suction lines.

Pump suction piping should be as straight as practical. Avoid plachig@@e
bends directly in front of pump suction andatiarge nozzles.
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4.14.4.4Suction and Discharge Header Valves

Suction and discharge header valves must conform to the following:

1. Provide cuioff valves on suction piping and discharge piping of each pump for
isolation from header.

2. Provide a slow closingheck valve or other control valve on discharge pipe of
each pump between the pump and theofuvalve to limit reverse flow from the
pressure system into the ground storage tank when the pump stops.

3. Use check valves with controlled rate of closurenay be needed to reduce water
hammer potential on discharge piping.

4.14.4.5Yard Piping
Yard piping design shall meet the following requirements:
1. Clearance between waterlines and sanitary sewers shall conform to requirements
set forth for water distributiosystems in the "Rules and Regulations" for Public
Water Systems published by the TCEQ.

2. Locate yard piping in areas easily accessible for maintenance.

3. Yard piping shall have two points of interconnection with distribution system lines
and a feed tthe hydropneumatic tanks, if supplied.

4, Yard piping shall be considered to end at the point of connection to the
distribution system line.

5. Standard sizes noted in AWWA Standards may be used excaptH,0l4inch,
and 18inch unless already in plac

6. Between discharge header and distribution system, provide a minimum of 20 pipe

diameters of straight pipe to allow future discharge meters installation. If piping
is below grade, provide a vault for the future meter.

4.14.4.6Yard Piping Valves

Yard PipingValves must meet the following:

1. Install valves in a manner that will allow easy access and operation.
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Valves installed below ground shall have valve boxes and shall be located outside
paved areas and other areas normally traveled by vehicles.

Size and type:
a. Gate valves shall be used foiirizh through 1Anch diameters unless 14
inch diameter is already in place.

b. Use butterfly valves on lines 16 inches and larger in diameter, unless
otherwise approved.

C. The use of gate valves on linksger than 12 inches in diameter must be
approved by the City Engineer.

4.14.4.7Testing Requirements:

Test piping as follows:

1.

Test piping systems upon completion of piping and prior to application of
insulation on exposed piping or covering concealed aebdyoiping.

Isolate equipment that may be damaged by the specified pressure test conditions.

Perform pressure test using calibrated pressure gauges and calibrated volumetric
measuring equipment to determine leakage rates.

Completely assemble drtest new piping systems prior to connection to existing
pipe systems.

Test pipe at 1.5 times the maximum working pressure or 125 psi, whichever is
greater in accordance with AWWA Manual M23.

4.14.5 Booster Pump Buildings

4.14.5.1General

Booster Pump Buildingesign must comply with the following:
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1.

Do not put chlorination equipment or store chlorine bottles in the same room as
pumps, motors, and electrical equipment. Provide a separate room specifically for
chlorination.

Locate controls and electricafj@pment in a room separate from piping, pumps,
and motors. The floor of the electrical/control room shall be raised above the
pump room floor level or all electrical and control equipment shall be installed on
raised housekeeping pads.

Locate buildigs a minimum of 20 feet from plant site property lines to help
eliminate vandalism and to facilitate access for maintenance and repair.

Buildings shall conform to applicable local, state, and federal building codes and
requirements, including OSHA reigements.

Concrete work shall conform to the latest revision of ACI 318, ACI 301, and other
applicable ACI specifications.

A soils investigation with recommendations for foundation design shall be
performed by a geotechnical engineer.

Pump buitlings shall be constructed of fipgoof reinforced concrete or
reinforced masonry construction; do not use metal buildings. Building and roof
shall have a minimum design life of 25 years.

Wiring shall conform to the most current revision of the NaloElectric Code
requirements for commercial or industrial wiring. Materials and equipment shall
be approved and listed by Underwriters Laboratory.

Building interior spaces shall be sufficiently lighted to allow for safe and
convenient operation anchaintenance of equipment including pumps, motors,
motor control centers, and auto sensory equipment. Provide exterior lighting at
exterior doors, walkways, driveways, and work areas around the buildings.
Follow lighting requirements contained in OSHArstards.

4.14.5.2Size of Buildings and Clearances:

Booster Pump Buildings shall comply with the following size and clearance requirements.

1.

Building size shall depend on specific piping layouts, number of pumps and space
allotted for future expansion. Builtly size shall be adequate to allow access to
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pumps, motors, piping, valves and electrical controls to allow for proper
maintenance and removal of equipment or installation of future equipment.

2. Provide 3 feet minimum clearance between walls and pipiages, and fittings
to facilitate bolt removal and tightening.

3. Space pumps and motors to allow for maintenance of equipment.
4, Provide steps, ladders and walkways as required for access to aboveground

equipment and valves. Provide safety hand@lsvalkways, ladders, and steps
in accordance with OSHA regulations.

5. Provide outside access to the pump room through double doors -ap rolpe
garage doors. Doors are to be sized to allow removal and replacement of pumps
and motors.

6. Provide cotrol/electrical room with one exterior door and one door into the pump
room.

7. Provide sidewalks, steps, and/or ramps as necessary to provide paved access to

exterior doors as required by ADA.

8. Provide adequate vertical clearance inside the pump toaaiow pumps to be
pulled for service. Clearance shall allow pumps to be removed from the building
over piping, pumps, and other equipment.

0. Provide a traveling crane or monorail inside the building. Size the crane to easily
handle large pump equipme For smaller pumps, provide access suitable for
manual lifting devices.

10. Slab elevation shall be a minimum of 6 inches above grade to allow for proper
drainage.

4.14.5.3Ventilation

Ventilation systems for Booster Pump Buildings must meet the folloveggirements:
1. Provide louvers of adequate size and number for proper ventilation of the pump

room. Locate louvers so that good air circulation is maintained. Provide power
roof fans, wall fans, or ventilators if necessary.
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2. Provide louvers and fans the control/electrical room sufficient to dissipate heat
generated from motor control centers and switchgear. Consider use of
dehumidifiers and heaters in control rooms if warranted.

3. Provide bird screening over louver and fan openings. Screeahiall) be 316
stainless steel, #16 mesh.

4.14.5.4Piping

Piping related to Booster Pump Buildings shall be designed in accordance with the following:

1.

Piping arrangements and sizes will depend upon initial equipment installed,
proposed future expansions, antinnate design capacity of the plant.

Piping shall be adequately supported and properly braced to restrain thrust forces.
Provide sleeves for piping passing through walls. Line sleeves with expansion

joint material to allow for minor movements piping and buildings. Do not use
building walls to support piping.

4.14.5.5Ro00f:

The roof of the Booster Pump Building must be either:

a.

A pitched roof with a minimum 5 on 12 slope with standing seam roofing ef pre
coated galvanized steel or fiberglass aspdtaitgles, or

A minimum 4ply hot applied builup roof with 15year service life adequately
sloped for drainage.

Slope the roof to drain away from entrance doors. Provide a minirdi@ot 2verhang on all
sides of the building.

4.14.5.6Floor:

The Booster Bmp Building floor must be a minimumifich thick concrete floor, coated with
non-skid, chemical resistant material.
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4.14.6 Monitoring and Control Systems

4.14.6.1General

Public Water Supply Wells and Potable Water Treatment Plant electrical, monitoring, and
controlsystems shall comply with the provisions of this Section. The general requirements are:

1.

The water plant shall be provided with electrical controls and equipment to enable
it to operate manually and automatically. Provide sufficient control andietctr
equipment so that the water plant can operate automatically without direct
operator control.

As a minimum, water plants shall be equipped with the systems as described
herein. At the discretion of the Engineer, more capable systems may be grovide

Provide a time delay system to start large motors sequentially. Large motors shall
not start simultaneously.

4.14.6.2Well Control System

Well control systems shall comply with the following:

1.

Water wells shall be controlled based on the levels inngtar elevated storage
tanks, if provided.

Interlock well controls with the well pump motor electrical equipment so that the
well pump motor is activated and deactivated automatically in response to tank
level. Time delay on the well pump motor shadbet in the event of a power
disruption.

Tank level shall be sensed by a wet tap on the lower tank shell, internal tank
probes, an electronic pressure transmitter, or an ultrasonic transmitter.

Unless approved by the City, control equipment shallone of the following
types:
a. Mercury-type pressure switches with conventional relays.

b. Electronic pressure switches with either conventional electrical relays or a
programmable controller.
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5. Provide a higkpressure mercury switch with manual tese well discharge.

6. Chlorination control shall be in accordance with TCEQ requirements.

4.14.6.3Booster Pump Control System

All booster pump control systems shall comply with the following:

1. Systems without elevated tanks:

a.

Control of booster pumps dhhe based on the pressure in the distribution
system and/or elevation in EST.

Interlock booster pump controls with pump motor electrical equipment so
that successive pumps are activated on falling system pressure and
deactivated on rising system psase.

Make distribution pressure tap in either the water or air portions of the
hydropneumatic tank or in the discharge line.

Unless approved by the City Engineer, control equipment shall be one of

the following types:

(2) Mercurytype pressure swahes with conventional electrical
relays.

(2) Electronic pressure switches or pressure transmitters with either
conventional electrical relays or programmable controller.

The following control features are required:

(1) Booster pumps shall be deacted on low ground storage tank
level with a manual override provided.

(2) Booster pump controls and hydropneumatic tank controls shall be
interlocked to ensure that the proper -vaaiter ratio is
automatically maintained in the tank.

2. Systems with elevat tanks:

a.

Booster pumps can be controlled based on distribution system pressure as
described above for systems without elevated tanks or on the water level in
the elevated tank.

If the booster pumps are controlled by the elevated tank water lbeel, t
following are applicable:

67 Division 4, Water System Design



City of Sugar Land
1)

(2)

3)

(4)

(5)

4.14.6.4Telemetry:

Design Standards

If the elevated tank is at a different location than the booster

pumps, the tank water level shall be transmitted to the water plant

via telemetry.

Interlock booster pump controls with motor electrical equipment

so thatsuccessive pumps are activated on falling tank level and

deactivated on rising tank level.

Unless approved by the City Engineer, control equipment shall be

one of the following types:

® Mercurytype pressure switches with conventional
electrical rehys.

(i) Pressure transmitter with either conventional electrical
relays or programmable controller.

Provide a backup control system to automatically control the

booster pumps in the event of loss of telemetry signal from the

elevated tank.

Booste pumps shall be deactivated on low ground storage tank

level with a manual override provided.

Telemetry equipment must be provided to allow control communication between a water plant
and an offsite well or elevated tank. The telemetry egait may utilize hard wire connection,
telephone lines, radio communication, or microwave.

4.14.6.5Water Plant Monitoring Systems

As a minimum, water plant monitoring systems shall include the following:
a. Propellertype flow meter located at the water well. etdr shall have a totalizer
that cannot be reset. Do not use batfmwered meters.

b. Paneimounted, 41/2-inch diameter pressure gauge or LED readout indicating the
plant distribution pressure, located in the electrical/control room.

C. A minimum of 20 pipe diameters of straight pipe between the booster pump
discharge header and the distribution systermti® allow for future installation
of discharge meters. If below grade, provide a vault for the future meters.

The following may be required lifie City Engineer:

68 Division 4, Water System Design



City of Sugar Land Design Standards

a. 7-day recorders sized such that peak conditions do not exceed 95 percent of full
scale. Distribution pressure, elevated storage and ground storage tank levels,
and/or plant discharge flows may be recorded. Strip recorders arebmotised.

b. Alarm lights and audible and visual alarm systems to indicate abnormal
conditions.

4.14.6.6Water Plant Restroom Requirement::

Restroom facilities shall be provided at water plants. A temporary facility with provisions for a
permanent sanitary sewawnnection to be constructed later will be adequate.

4.14.7 Hydropneumatic Tanks

Al | hydropneumatic tanks shall be | isted on
provided as appropriate to isolate each hydropneumatic tank from other portitvessystem.
The following appurtenances shall be furnished with each tank:
1. Provide automatically functioning facilities for maintaining the aiater volume
at the design water level and working pressure.

2. Provide a pressure release device andaailyereadable pressure gauge for each
tank.

3. Provide a sight gauge for reading water level in each tank.

4. Provide tanks with a means for completely draining the tank.

5. Air compressors shall be sized for a minimum of 0.25 cfm per 1,000 gallon tank

capacity at 150 psi.

6. Tanks shall have an access port for periodic inspections.
7. Provide freeze protection for tank appurtenances.
8. Specifications shall include tank capacity dimensions, appurtenances, pressure

rating, disinfection procedures,dair compressor capacity.
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4.14.8 Potable Water Storage Tanks

4.14.8.1Ground Storage Tanks

1. Types of construction:

a.

Design welded steel tanks in accordance with the current revision of
ANSI/AWWA D100. Steel fabrication dimensional tolerances shall be in
accordane with API standards.

Design bolted steel tanks in accordance with the current revision of
AWWA D103.

Design concrete tanks in accordance with current revision of AWWA
D110.

A complete soils investigation with recommendation for foundatiorgdes
shall be performed by a geotechnical engineer.

2. Additional design requirements for steel ground storage tanks:

a.

Tank inlets: One or more per tank located in the sidewall of the tank and
at least 45 degrees from a tank outlet. Direct flow staleha 45degree
bend away from the nearest outlet. Tank inlets shall be top fill.

Tank outlets: On single tank installations, two per tank located at least 90
degrees apart and 45 degrees from a tank inlet. On multiple tank
installations, dual outte are required on the first tank only. Outlets for
booster pump suction shall be fitted with an internaldé@ree fitting
turned downward. Diameter shall be equal to or larger than the suction
line. The fitting shall be a ductile iron flange and flaaeductile iron 90
degree long radius ell, or a welded steel mitered fitting. Provide outlets
with a minimum 12inch clearance from the tank bottom.

Overflow: Provide an internal overflow weir inlet with an external
overflow pipe. The overflow asswly shall be sized to handle the
maximum tank influent rate with a maximum water level rise over the inlet
weir of 6 inches. The overflow pipe discharge shall terminate above
ground, not be subject to submergence, and be fitted with a hinged flap
valve. The top of the overflow weir shall be a minimum of one foot below
the bottom of any roof rafter.
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d. Tank drain: Locate one or more drains, not less than four inches in
diameter and fitted with a valve, at the minimum practical distance above
the tank fbor to the flow line of the drain. For example, a 4 andh
drain would be placed six inches above the tank floor. Larger drain sizes
may be placed further from the floor. Alternatively, the Design Engineer
may use a flush type drain in accordance wAfl 650 (Section 3.7.8,
Figure 310). The drain may be connected to the overflow discharge pipe
outside the tank.

e. Interconnect lines between tanks Interconnect lines are required for
plants with more than one tank. The lines shall be sized the aarthe
tank inlet, or if combined with a tank outlet, sized the same as the tank
outlet, whichever is larger. Interconnect lines shall be provided with
isolation valves. Three valves on a tee are required if combined with a
tank outlet. Interconnecinkes are to be located a minimum of 12 inches
above the tank bottom with an isolation valve, 90 degree bend and buried
four feet (406) deep between the tank:

f. Roof vents One or more with one vent located at or near the center of the
roof at the highdspoint practical. Size vents for maximum influent and
effluent rates. Only the effective (net) screen opening shall be considered
to pass airflow. Vents are to be double gooseneck type with openings
protected by 316 stainless steel screen, #16 mesh.

0. Foundation: Support the tank bottom on a concrete #vajl a minimum
of 12-inches wide. The top of the foundation shall be at least 12 inches
above finished grade. The tank bottom shall rest on a minimum of 6
inches of clean sand, free from clay, jpgn shale, loam, organic matter
and other deleterious materials, with soluble ionic (salt) content limited in
accordance with ASTM D4940. Slope the tank bottom at least 1 inch in 10
feet from the tank center to the outside edge.

h. Connections Connectios 3inches and larger shall be flanged.
Connections 2nches and smaller may be threaded couplings.

3. Additional design requirements for ps&ressed concrete ground storage tanks:
a. Tank inlets: At least one per tank located at least 45 degreesdrtank
outlet. Make inlet connections through the top of the tank and above the
overflow

b. Tank outlets: Number and plan location is the same as for steel tanks.
Make outlet connections through the tank bottom and provide a minimum
4-inch silt stop.
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C. Tank overflow: Provide an internal overflow weir with an external
overflow pipe. Size the overflow assembly to handle the maximum tank
influent rate with a maximum water level rise over the weir of 6 inches.
Where multiple tanks, all overflows must of the same elevation.

d. Tank drain: One or more with an isolation valve. Make drain
connections through the tank bottom and terminate in an open top concrete
drain box connected to a storm sewer system or adequate site drainage
swale.

e. Interconnect lines between tanks Interconnect lines are required
between tanks at multiple tank installations.

f. Roof Vents One or more with one vent located at or near the center of the
roof at the highest point practical. Size the vent for maximum inflamaht
effluent rates. Only the effective (net) screen opening shall be considered
to pass airflow. Vents shall be of the gravity type with openings protected
by 316 stainless steel screen, #16 mesh.

g. Foundation: The design of the tank foundation shadl the responsibility
of the tank manufacturer and the foundation shall be constructed in
accordance with the tank manufacture
below natural ground level.

4. Required accessories:

a. Roof hatch: Primary and secondaryaf hatches are required. The
primary roof hatch shall have a minimum size ofi3¢h diameter with a
4-inch curb and shall have a cover withineh downward overlap and
provisions for locking. The primary hatch location shall be offset from the
exterior tank ladder centerline and located over the interior ladder. T he
secondary roof hatch shall be located over the tank overflow.

b. Ladders: Provide an exterior steel ladder extending the full height of the
tank. Provide exterior ladders with safety caged lockable access.
Interior ladders shall be provided and offset from the external ladder by at
least 2 feet.

C. Roof guard rails: Provide guard rails (handrails) along the roof edge for a
distance of 10 feet either side of the exterior ladder deéteither side of
any perimeter tank appurtenance.

d. Shell manholes
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(2) Welded steel tanksProvide at least two manholes. One manhole
shall be 30 inches in diameter with a hinged cover per AWWA
standards. One manhole shall be a 48 inch-indi8 flushtype
cleanout per API standards complete with hinge or davit arm.
Locate the manholes approximately 180 degrees apart.

(2) Bolted steel tanks Provide two flushtype cleanouts per API
standards. Cleanouts shall be a minimum of 24 inches wide by 48
inches high and located approximately 180 degrees apart.

3) Concrete Tanks- Provide at least two manholes spaced
approximately 180 degrees apart. The manhole shape shall be
elliptical 24 inches by 18 inches minimum. Provide two flush type
cleanouts peAPI Standards sized 48ch by 48inch.

Miscellaneous accessories One sample cock located 3 feet above tank
bottom and one pressure gauge calibrated in feet of water located 3 feet
above tank bottom.

Roof Walkways: Provide norskid walkways orthe roof of steel tanks to
reach any appurtenance.

4.14.8.2Elevated Storage Tanks

Elevated storage tanks shall be constructed in a manner consistent with AWWA D100, with no
restriction on the style of tank.

Elevated storage tanks must satisfy the followinggiestquirements:

a.

Tank overflow: Provide an internal overflow weir and drain pipe. Size
the overflow assembly to handle the maximum tank influent rate with a
maximum water level rise over the weir of 6 inches. The overflow pipe
shall be piped to gradend shall be fitted with a hinged flap valve. The top
of the overflow funnel shall be a minimum of 1 foot below the bottom of
any roof rafter.

Roof vents Provide one or more roof vents with one vent located at or
near the center of the roof at thighest point practical. Size the vent for
the maximum influent and effluent rates. Only the effective (net) screen
opening shall be considered to pass airflow. Vents shall be of the gravity
type with openings protected by 316 stainless steel screém#gh, and
designed as a secondary roof opening.

Altitude control valve: Equip all tanks with an altitude control valve.
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d. Foundation: The design of the tank foundation shall be the responsibility
of the tank manufacturer and the tank foundatioalldbe constructed in
accordance with the tank manufactur el

e. Lighting : Provide interior lighting in the dry compartment.

f. Aviation Lighting: Comply with Federal Aviation Administration
requirements with respect to aviation warning lights

The following required accessories are to be included with elevated storage tanks:
a. Roof hatch: Minimum size 36inch diameter with 4nch curb and cover
with 2-inch downward overlap and provisions for locking.

b. Rails & Ladders: Provide all necessy handrails, ladders, balconies, and
safety devices per OSHA requirements.

C. Miscellaneous Items Provide one sample cock and one pressure gauge
calibrated in feet of water.

Elevated storage tank protective coatings must comply with the following:

1 Welded steel tanks shall be coated on the inside and outside excluding galvanized
accessories.

2. No coatings are required for galvanized bolted steel tanks or concrete tanks,
except for tank accessories that are not galvanized.

3. Coating Systems:

a. Coating systems for the interior of a tank shall be in accordance with
TCEQ requirements, must conform to ANSI/NSF Standard 61, and must
be certified by an organization accredited by ANSI for use as a contact
surface with potable water.

b. Coating system#or the exterior of a tank may be as required for exposure
conditions and desired aesthetics.

C. Do not use coating materials containing lead.

4, Cathodic protection for the interior submerged surfaces of welded steel tanks is
not required but may be @rided at the discretion of the Design Engineer.

5. The type of coating systems and cathodic protection systems to be used shall be
included in the Specifications if they are to be used.
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4.14.9 Emergency Power

Provide emergency power as required by TCEQ réiguls. A generator is the preferred type of
emergency power for booster pumps. A right angle drive is the preferred type of emergency
power for a well. If the Engineer selects an alternate method, the reasons for the use of the
alternate method must beegented with the drawings. If a right angle drive is utilized, the drive
shall be diesel powered and/or natural gas pow&igtht angle drives shall be sized accordingly

to the handle weight of the down hole pumping assembly without the motor orfsdfort s

When used, an emergency power generator shall operate the following items as a minimum:
a. The controls, air compressor, panel lights, and exterior lights;

b. The booster pumps, or

The fuel tanks related to emergency power systems shall contplyhaifollowing:
1. For diesel engines, a fuel tank shall be provided which allows 24 hours of
operation at full load if system is interconnected or multiple plants are in the
system.

2. Aboveground tanks shall be used and must be Underwriters Labesattii)
listed (Do not use underground fuel tanks). A UL label shall be affixed to the
tank.

3. Provide concrete or steel containment for the fuel tank in accordance with NFPA
30 and Federal and State regulations. Containment shall have a drain liree wit
lockable valve. A double walled fuel tank can be utilized in lieu of the
containment structure.

4. Use black steel piping for fuel tank connections. Do not use galvanized steel
piping.

4.14.10 Disinfection Systems

4.14.10.1 General

A chlorination system for aljroundwater plants must be providedater must be chlorinated
before it enters the ground storage tank -merination). Provisions for post chlorination
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prior to entering the distribution system shallbe provided at the discretion of the City é&ngine
with TCEQ approval.

Disinfection methods shall be approved by the City Engineer

4.14.10.2

Types of Systems:

Prechlorination:

a. Chl orination of the plantds groundwa
providing a fixed rate chlorinator for each well feeglthe plant

b. Chlorination Points:
(1) Add chlorine solution to the aboveground well collection pipe

(2)

downstream of the well flow meter, prior to entering the ground
storage tank and prior to reaching the well connection to the
distribution system.

Chlorination connections for-thch and smaller solution lines shall
to be a corporation cock type connection with check valve.
Connections for 1% inch throughidch solution lines shall be a
pipe tap connection utilizing a service saddle with a-sfffuvalve

and check valve. The diffusion tube shall project into the pipe
approximately onghird the pipe diameter.

C. Control Methods:

(1)
(2)

3)

(4)

Chlorinators shall operate automatically whenever there is flow of
water into the ground storage tanks.

Single wdl, fixed feed rate chlorinators shall be controlled by an
electric solenoid valve in the injector water supply line. The
solenoid valve shall open automatically when there is well flow.
Multiple well variable feed rate chlorinators shall be conteblbgy

an electric solenoid valve in the injector water supply line. The
solenoid valve shall open automatically when there is well flow. A
flow meter with flow rate transmitter is required in the common
well collection line for control of the chlorine feéeate.

Multiple well/multiple fixed rate chlorinators function as single
well fixed rate chlorinators with a separate solenoid for each well
tied to that well 6s fixed rate

Postchlorination:
a. Chlorination of water after leaving thground storage tanks shall be
accomplished by a variable rate chlorinator.
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b. Chlorination points:

(1) Add chlorine solution to the booster pump suction piping. |If
possible, make chlorination connections to aboveground pipe.
Connections to buried pipehall be made inside a vadipe
structure.

(2)  Chlorination connections shall be the same as those required for
pre-chlorination.

C. Control methods:

(1)  Chlorinators shall operate automatically whenever they are turned
on and there is flow in the boosfgump suction lines.

(2)  Chlorinators shall be controlled by an electric solenoid valve in the
injector water supply line. The chlorine feed rate may be controlled
based on the distribution flow rate (flow proportional control) or
based on the free chloe residual of the water as it leaves the
ground storage tanks (direct residual control).

4.14.10.3 Design Requirements

The design dose rate for pehlorination shall be adjustable from 0 to 3 mg/l. The design dose

rate for postchlorination shall be adjustaliiem 0 to 1.5 mg/l. Chlorinators to be installed shall

be |Iisted on the Cityds Appr -bywcblaina®riooptioralt s Li s
Accessories to be provided with chlorinators include a weight scale, automatic switchover
vacuum reglator, a pressure relief valve, and necessary piping and valves.

The injectorbdés source of -presdure sideohtieudistdbutiono r ma |
booster pumps. A chlorine booster pump sized to provide the full required injector operating
pressure must be provided. The booster pump shall take suction from the well collection line. If

the water well is designed to pump directly into the distribution system during power outage
conditions, provide an auxiliary power source for the chlorirestas pump. The injector water

supply piping shall include an electric solenoid valve with a bypass, a strainer, and necessary
piping and valves.

The chlorinator room shall be a separate room or structure separated from other plant facilities.
The struture shall be masonry or fiberglass and shall include a cédirgj inlet fan or fans, a
floor-level backdraft damper, a heater, and outside light and fan switches.

The chemical container storage area shall be a separate room or structure. The stralitbe
masonry or metal frame treated for corrosion resistance. If a masonry structure is used, it shall
include a 2ton hoist system, a flodevel exhaust fan, a heater, and outside light and fan
switches. If a metal frame structure is used, dllshe an opeiframe type structure with
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provisions for securing containers from vandals. Provideéam 2oist or design the structure to
accommodate container delivery truck loading and unloading.

Required accessories include a gas mask, diffuser bggeamd chlorine leak detector. A
chlorine leak detector shall be located in each room (or structure) containing chlorination
equipment, including open frantgpe container structures. The chlorine leak detector shall
activate an alarm circuit that incles, as a minimum, a red rotating beacon which can be seen by
the plant operator upon entering the plant site. A singleceelfined breathing apparatus with

a 30minute supply of air shall be provided for each plant. The breathing apparatus shall be
located close to but outside of rooms or structures containing chlorination equipment.

A chlorine gas leak detector shall be provided at all chlorinators

4.14.11 |Initial Water Plants

This section applies to development projects of 250 or fewer equivalergrggicconnections
planned to provide potable water to future residential, commercial and/or industrial users located
within the ETJ and that have a City of Sugar Land approved regional water supply and
distribution plan.

Approval to construct initial ater plants pursuant to this section is contingent upon submittal of
an overall regional water supply and distribution plan for the development. The overall plan
shall provide the preliminary location and capacity of primary water plants, initial watespl
remote water wells, and trunk distribution lines. The overall plan shall contain a phasing plan
that sets development milestones (i.e. dates, number of connections, etc.) for implementation of
the ultimate water supply and distribution plan. Ihitsater Plants shall conform to the
requirements contained in all other sections and chapters of this manual unless otherwise noted.

For Initial Water Plants, public water supply wells may be straight wall wells or gravel packed,

as needed, based on sfiecihydrogeological conditions at the proposed well site. The
maximum capacity of an Initial Water Plant well shall be 600 gallons per minute (gpm). The
minimum capacity of the well shall be 300gpm. The Casing and liner (interior casing) diameters
shalbe sized to allow the pump to be | owered
minimum clearances between pump and liner. The maximum velocity between the pump and
the liner shall not exceed 8 feet per second.

The minimum combined booster pump aejy shall be 1000 gallons per minute and a booster
pump building is required unless a Specific Approval is obtained.

The minimum ground storage tank volume shall be 80,000 gallons.
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Emergency power or electrical and mechanical devices necessary ¢&r aquinection of a
portable generator must be provided.

A Step Test must be performed on each completed well. The test shall include steps at 80%,
100%, 120% and 150% of design capacity for a minimum of 3 hours each with 3 hours of
recovery between eadtep to confirm final selected capacity. A draw down test shall also be
conducted on each well at its final capacity for 4 hours to verify stability in draw down. An
attempt shall be made to reach a specific capacity of 18 ggdkwminuteperfoot of
drawdown for a gravgbacked well and 10 gallons per minute per foot of drawdown for a
straightwall well after 4 hours of continuous well operation.
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5.0 SANITARY SEWER DESIGN REQUIREMENTS

5.1 General

Sanitary sewers within the City of Sugar Land's jurisdiicshall allow for orderly expansion of
the system and shall conform to the Wastewater Master plan for the City of Sugar Land.

Sewers shall be sized based on the minimum requirements set out in this standard and the
standard wastewater flow rates asbbshed by the City of Sugar Land.

All sewers shall conform to the minimum requirements of the Texas Commission on
Environmental Quality (TCEQ), "Design Criteria for Sewerage Systems". (30 TAC Chapter
217/317)

Sewers shall be separated from water m&psa minimum of nine feet (9'). Where the
minimum separation is not maintained, refer to Section 4.5 for allowable clearances. For sewers
crossing utilities ot her than water, a mini
maintained.

The public sartiary sewer, as maintained by the City of Sugar Land, shall be defined as all
sewers, including stacks and service leads, serving more than one sewer connection and located
in public easements or street rigbfsway. The public sanitary sewer shall be igesd,
constructed and installed in compliance with these Standards.

No more than one water line tap shall be allowed for each property. The domestic water and
irrigation line may be separately metered off the single tap. All far side service |egaistian

two (2) inches in diameter or longer than 80 feet shall be installed by the developer. All domestic
and irrigation meters shall be installed on the side of the street nearest the property within a
public easement or rigiatf-way. All fire vaults sall be located on private property adjacent to

the public rightof-way. If a fire vault is required, an isolation valve shall be installed on the
property line.

All sewer designs shall conform to the City of Sugar Land Standard Details.
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5.2 Sewer Design and Materials

5.2.1 Minimum Size Criteria:

5.2.1.1 Average Day Flow:

Wastewater flows shall be based on the current, approved utility phasing plan for the area. The
average day flow for the design of sanitary sewers shall be based on the minimum set by the plan
in galons per day per single family connection for residential areas. Commercial, industrial, and
office areas shall be designed for an average day flow that can be anticipated from the
contributing area.

5.2.1.2 Peak Design Flow:

The peak design flow for sewers Bhiae four (4) times the average day flow of the fully
developed service area. Sewers larger than eiginiean(18") may be sized using a peaking
factor of less than four (4) with approval of the City Engineer. The absolute minimum allowable
value for tle design peaking factor is 2.5.

5.2.1.3 Minimum Size Criteria

A. The minimum size public sewer shall be eigith (8"). The maximum number of single
family connections shall be 400.

B. The minimum size sewer service lead shall berssk (6") and shall nagerve more than
two (2) residential services.

C. A commercial sewer service lead shall beish (6") pipe or larger and shall not serve
more than one (1) commercial connection.

D. A Specific Approval shall be required for service leads less thandies (6").

5.2.2 Materials of Construction:

Sewers will be constructed of materials specified in the City of Sugar Land Approved Products
List.
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Cement Stabilized Sand for Bedding and Backfill shall meet the criteria described in Section 3.2
of these Staratds.

5.2.3 Location of Sanitary Sewers

5.2.3.1 Street Rightof-Way

Sanitary sewers with a maximum depth of ten feet (10", measured from finished grade, shall be
placed within the righof-way at least five feet (5') from the rigbt-way line, except as
providedherein. All sewers that are deeper than ten feet (10") shall be centered in an exclusive
variable width easement parallel and adjoining the faghway. Where required in accordance

with Section 1.6. 2, an addi t beoprmaded adjeining theo o t (
right-of-way to provide required clearances.

5.2.4 Design Requirements

5.2.4.1 Allowable Depths

Sewers shall be designed to meet or exceed the pipe manufacturer's recommendations for depth.

The minimum depth of a sewer main shall berfteet (4") below finished grade or top of curb,
whichever is lower.

Sanitary Sewers are prohibited at a depth | ov
Approval.

5.2.4.2 Bedding and Backfill

Sewer bedding will be cement stabilized sand, as redjuir Section 3.2, or approved granular
materi al . Backfill shall be compacted startd.i
inch (80) Ilifts all t h e -fiwvapercano(95%)nSeandard Rroctorf t h e
Density on all lifts. In water bearing sand, crushed stone, or approved granular material will be
required. Trevira wrap will be required for water bearing soil as shown in the City of Sugar

Land Standard Details. When water bearing sands are encountered, the City dfaBdgsrall

be notified immediately.
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5.2.4.3 Mandrel Test Required

A mandrel test shall be performed prior to acceptance of all installed PVC pipe. The initial
mandrel test shall be performed thirty (30) days after the trench has been backfilled. The
mandrel nust move freely inside the pipe and will be pulled by hand from the upstream end of
the pipe to the downstream end.

Deflections in PVC pipe shall not exceed five percent (5%) and all mandrel tests must be
conducted with equipment certified to measwletttions of five percent (5%) in the pipe being

tested accounting for its diameter and SDR. Sanitary manholes will not be sponged out for the
initial and final inspection. The City of Sugar Land will require the Contractor to do a water
flood. If televising of any sewer line is required to determine whether the sanitary sewer has
been constructed at an irregular grade, the r

5.2.4.4 Hydraulic Requirements

Design velocity in a gravity sewer flowing full shake a minimum of two feet (2") per second.
Where sewers are anticipated to flow less thanhatiefull, consideration shall be given to
increasing the slope of sewer to provide two feet (2') per second velocity in the pipe for the
anticipated flow.

Minimum acceptable slopes in sewers shall be:

Size of Pipe Fall in Feet

(inches) (per 100 ft. of Sewer)
6 0.65

8 0.40

10 0.25

12 0.20

15 0.15

18 0.11

21 0.09

24 0.08

Sewers are to be designed so that the crowns of the pipes are matched at mahheles.
upstream sewer may be designed so that the flow line of the upstream sewer is higher than the
flow line of the downstream sewer. When the flow line of the upstream sewer is raised more

83 Division 5, Sanitary Sewer Design



City of Sugar Land Design Standards

than three feet (3') above the flow line of the downstream sewdtop manhole connection is
required.

Sanitary sewer service leads shall be laid at sexaihs percent (0.7%) slope.

5.2.4.5 Alignment

Sewers shall be laid in a straight alignment, where possible. Curved sewers may be allowed by
Specific Approval.

Sewes less than eighteenches (18") in diameter may be curved by deflecting the pipe at the
joint. Deflection shall not exceed chelf (1/2) of the pipe manufacturer's recommendations for
joint deflection. Eighteen inch (18") and larger sewers may bedwsing manufactured bends

with a maximum deflection of eleven and emgarter degrees (11/4°). Deflected pipe joints

and bends shall be shown and specifically located on the construction drawings. Televising may
be required at the City's discretion.

5.2.4.6 Appurtenances

5.2.4.6.1 Manholes

Manholes shall be placed at points of change in alignment (except along a curved sewer), grade,
or size of sewers and at intersections and ends of all sewers.-dDlsanill not be permitted on
public lines.

Manholes shall bepaced at a maximum distance of four hundred feet (400') apart.
Manholes at the ends of sewers in rear lot easements shall be placed in streeftwglyts

Sewers laid in easements shall have a manhole in each street crossing.

Manholes shall be lotad to eliminate the inflow of storm water into the sanitary sewer. The top

of manhole rim elevation shall be shown on the plans for all sanitary sewer manholes, except in
paved areas. Sealed manholes may be permitted, within thgedB®ood plain bySpecific
Approval.

Manholes shall be constructed in accordance with the City of Sugar Land Standard Details.

Compaction around sanitary sewer manholes shall be 95% Standard Proctor Density or better.
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A drop manhole shall be constructed for any sewelviesach (12") diameter or less that enters

a manhole greater than thigyx inches (36") above the invert of the manhole. Sewers larger
than twelve inches (12") shall be designed to accommodate a drop at the manhole using standard
pipe fittings. The dyp will be installed on the outside of the manhole and sealed inside and out.
Steps in manholes will not be permitted.

Fiberglass manholes are not allowed as part of public sanitary sewer systems. All manholes
within public rightsof-way and public easeents shall be preast or casin-place manholes.

Manhole covers shall be cast iron, traffic bearing type ring and cover in accordance with the
Citybés Standard Detail s. Al l man hol e covers

All manhole adjustmentdall be made with preast concrete rings.
Manholes shall be coated in accordance with the City of Sugar Land Construction Details
Manholes shall be vacuum tested in accordance with current TCEQ criteria.

All sanitary manholes shall be fitted with arflow protector to prevent storm water intrusion to
the sanitary sewer collection system.

All commercial developments with a far side (across the street) sanitary service lead shall
provide a six (6) inch riser and cleanout on the property side. Pudlitenance of the far side
lead shall end at this riser.

5.2.4.6.2 Stacks

Stacks shall be constructed for connections to sewers that are more than eight feet (8" below
finished grade. Stacks shall be provided during the initial construction of the sewer.

5.3 LIFT STATIONS
5.3.1 Engineering Report and Shop Drawings Required

Prior to design, a detailed engineering report shall be submitted to the Development Review
Coordinator for review and approval of the lift station and all related line work. The
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Development ReviewCoordinator will specify the number of copies of the report to be
submitted.

The engineering report shall include the following:
1. A master development plan for the service area of the proposed lift station. This
plan shall include a map showing thedtion of the lift station, the service area,
the boundaries of the drainage basin it is in and the location of the nearest existing
wastewater interceptor within that basin.

2. Engineering calculations and data as required by Section 5.3.3.

3. The Engireering Report shall be approved by the City prior to beginning
preparation of the plans and specifications.

For projects not in MUDs, once the engineering report and the construction plans and
specifications have been approved, shop drawing submittdldsh@ovided to the City. These
submittals shall contain complete detailed information and drawings for all lift station equipment

and components. The City Engineer will specify the number of copies of each submittal that will
be required.

5.3.2 City Operation and Maintenance Acceptance

The City of Sugar Land may accept a lift station with a firm pumping capacity greater than 25
gpm for operation and maintenance, provided an agreement is negotiated with the City.

5.3.3 Lift Station Design Criteria

Lift stations are discouraged and will be allowed only where conventional gravity service is not
feasible. Feasibility is to be determined by a-tifele cost comparison of a gravity system and
the lift station project for a 3@ear project life. All lift stationshall utilize submersible pumps.

5.3.3.1 Flow Development

Calculation of wastewater flow shall be based on the following formula:

# of ESFC x 315 gpd/ESFC x 4 PF
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5.3.3.2 Redundancy

A minimum of two (2) pumps shall be required for all lift statiomhe capacity ofthe pumps
shall be such that the maximum wet weather flow can be handled with the largest pump out of
service.

5.3.3.3 Wet Well Design

The bottom of the wet well shall have a minimum slope to the intake of two (2) vertical to one
() horizontal. There shall b projections in the wet well, which would allow deposition of
solids.

The wet well volume shall be sized to provide adequate storage volume at peak design flows and
a pump cycle time of sufficient duration to prevent pump short cycling and conseboerita
damage. Pump cycle time, defined as the sum of "pump off" time plus "pump on" time, shall be
as follows:

TABLE 4.5.3A

Minimum Pump Cycle Times for Varying Size Pumps

Motor H.P. Min (Minimum Cycle Time in Minutes)
0 to 50 6

51to0 100 10

Above 100 15

The wet well volume between "pump on" and "pump off" shall be determined using the
following equation:

Vv = t x g+ (4 x 7.48); where q = pump capacity in gpm and t is
the minimum cycle time in minutes

All "pump on" levels shall have a minimuseparation of one (1) foot between levels. All
"pump off" levels shall be at least six (6) inches above the top of the pump casing.

For more than two (2) pumps, the "pump off" levels shall be staged with a minimum separation
of one (1) foot between lelge
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An example of a two (2) pump staging sequence is:

High-level alarm
Lag pump on
Lead pump on
Lag pump off
Lead pump off
Low-level alarm

The high level alarm shall be at the lower of at least one foot above the last (highest) "pump on"
level in the wet well or at the invert of the lowest influent line.

For lift stations with three or more pumps, the following method of calculating the wet well
volume may be used:

V1 = t X ql+ 4and ) = -(qgd2)+q1l
V2 = V6 x N x V1

Where:

V1 = working volume for the first pump in gallons
t = minimum cycle time in minutes

gl = capacity of the first pump in gpm

g2 = capacity of the second pump in gpm

) = the discharge increment ratio, dimensionless
V2 = working volume for the second pump galo

Vo = the additional draw down ratio, dimensionless
N = number of pumps.

The procedure for calculating the volume is:

1) Cal cul ate V1 and
2) Locate °~ on Table 1 4.5.3B and read the
3) Calculate V2

An example of a thre8) pump starting sequence is as follows:
High-level alarm
Third pump on

Second pump on
First pump on
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Third pump off

Second pump off

First pump off

Low Level alarm

Design Standards

TABLE 4.5.3 B:

V values Corresponding to various Y Values

i} V' i} V' i} V'
0.00 0.00 2.10 1.36 3.49 2.63
0.33 0.00 2.13 1.39 3.53 2.67
0.44 0.01 2.17 1.42 3.57 2.70
0.53 0.04 2.20 1.45 3.61 2.74
0.62 0.08 2.23 1.49 3.65 2.77
0.70 0.12 2.27 1.52 3.69 2.81
0.77 0.16 2.30 1.55 3.73 2.85
0.84 0.21 2.34 1.58 3.77 2.88
0.90 0.25 2.37 1.62 381 2.92
0.96 0.29 2.41 1.65 3.85 2.96
1.02 0.34 2.45 1.68 3.89 3.00
1.07 0.38 2.48 1.71 3.93 3.03
1.12 0.42 2.52 1.75 3.97 3.07
1.17 0.46 2.55 1.78 4.01 3.11
1.22 0.51 2.59 1.81 4.05 3.15
1.26 0.55 2.62 1.84 4.09 3.18
1.30 0.59 2.66 1.88 4.13 3.22
1.34 0.63 2.70 1.91 4.17 3.26
1.38 0.66 2.73 1.94 4.21 3.30
1.42 0.70 2.77 1.97 4.25 3.34
1.46 0.74 2.81 2.01 4.29 3.38
1.50 0.78 2.84 2.04 4.33 3.42
1.54 0.81 2.88 2.07 4.38 3.45
1.57 0.85 2.92 2.11 4.42 3.49
1.61 0.89 2.95 2.14 4.46 3.53
1.65 0.92 2.99 2.18 4.50 3.57
1.68 0.96 3.03 2.21 4.54 3.61
1.72 0.99 3.07 2.24 4.58 3.65
1.75 1.03 3.10 2.28 4.63 3.69
1.79 1.06 3.14 2.31 4.67 3.73
1.82 1.09 3.18 2.35 4.71 3.77
1.86 1.13 3.22 2.38 4.75 3.81
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V values Corresponding to various Y Values

1.89 1.16 3.26 2.42 4.79 3.85
1.92 1.19 3.29 2.45 4.84 3.89
1.96 1.23 3.33 2.49 4.88 3.93
1.99 1.26 3.37 2.52 4.92 3.97
2.03 1.29 3.41 2.56 4.96 4.01
2.06 1.33 3.45 2.59 5.01 4.05

Y = Pump discharge (Dimensionless) V' =Volume (Dimensionless)

Source: ALBERT PINCINE

5.3.3.4 Wet Well Detention Time

Cdculate the detention time (Td) in the wet well for the maximum wet weather flow, maximum

dry weather flow and average dry weather flow using the following equation:

Td = Tf+ Te

Where: Tf =(v) = (i) = time to fill the wet well in minutes

Te  =()+(@-i)
\

q

vol ume bet
pump capacity in gpm

we en

time to empty the wet well in minutes

pump

i = corresponding flow into the station, gpm

The maximum detention time shall be calculated with i = minimum dry weather flow.

5.3.3.5 Static Head

on

and

The static head shall be calculated for "pump on" and "pump off" elevations in the wet well, and

shall be considered in determining TDH for pump selection.

5.3.3.6 Net Positive Suction Head

The net positive suction head (NPSH) required by the peeferted shall be compared with the

NPSH available in the system at the eye of the impeller. The engineer shall consult the pump
manufacturer for the NPSH required values for that pump and compare them with calculated

values for the NPSH available. Thé&8H available should be greater than the NPSH required

for a flooded suction pump. The following equation may be used for calculating the NPSH

available:
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NPSHA=PB + Hs Pvi Hfs

Where: PB = barometric pressure in feet absolute
Hs = minimum static suain head in feet
Pv = vapor pressure of liquid in feet absolute
Hfs = friction loss in suction in feet (where applicable)

For lift stations in the City of Sugar Land's service area, a barometric pressure of 33.4 feet and a
vapor pressure of one and faenths (1.4) feet may be used. These values are based on the
following assumptions: an altitude of 500 feet above sea level, a water temperature of 85°F and a
specific gravity of water of 0.996 at 85°F.

5.3.3.7 Suction Piping Design

All suction piping shall bélanged ductile iron and have a minimum diameter of four (4) inches.
Each pump shall have a separate suction pipe.

Suction piping shall have a velocity of three (3) to five (5) fps.

5.3.3.8 Force Main Design

Except for force mains connected to grinder purftpstations, all force mains shall be PVC or
ductile iron with norcorrosive lining and a minimum diameter of four (4) inches. Force main
pipe within the station shall be flanged. Flexible fittings shall be provided at the exit wall.

Force mains shalbe sized so that the flow velocity is between three (2.0) and six (6.0) feet per
second at ultimate development. The maximum time required to flush the force main shall be
calculated on the basis of pump capacity.

Odor and corrosion control shall beopided for the force main if the force main detention time
exceeds 30 minutes. Alternately, a dual force main approach may be used to reduce the
detention time.

Air release valves are only permitted when there are no feasible alternatives. The kroétion

size of all air release valves shall be evaluated for potential to create an odor nuisance to adjacent
property by the Design Engineer.
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Lift stations including their associated force main systems shall be evaluated for their sulfide
generation poterdl and ability to achieve scouring velocities during average dry weather flow
periods. If the evaluation indicates that sulfide concentrations of greater than 2 ppm and solids
deposition are likely, the design shall:

1. Define a workable sulfide contrééchnique that will minimize sulfide formation
in the force main,

2. Include "pig" launchingtations and recovery points to allow cleaning of the force
main, and

3. Protect the gravity main and manholes downstream of the force main from
corrosion.

The face main shall discharge into its own distinct manhole. Multiple force mains shall not
discharge into a single manhole.

5.3.3.9 Head Loss Curves

Data points for the system capacity curve shall be provided in tabular form and graphed with the
pump head capacityurve on the same graph. Two system capacity curves shall be plotted using
the Hazen Williams coefficient values of C = 100 and C = 140.

Pump output in gallons per minute (gpm) at the maximum and minimum heads shall be clearly
shown on the system curvarfeach pump and combination of pumps.

For stations with two (2) or more pumps operating in parallel, multiple pump and single pump
operation points shall be plotted on the system curve.

Pumps shall be selected so that their efficiency is maximizetadeahting points.

If pumps are equipped with smaller impellers during initial development phases to handle flows
less than the ultimate design flow, the ultimate impeller size shall also be provided.

5.3.3.10Buoyancy Calculations

The lift station design shailhclude a complete analysis of buoyant forces on the entire lift station
structure.
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5.3.3.11Water Hammer

Calculation of the maximum pressures resulting from water hammer, expected to occur upon
total power failure while pumping, is required for all lift stagon

The following equations are to be used.

P = (a)(V) + operating pressure of pipe (psi) (2.31)(g)

s
>
D
@
D

water hammer qgssure (psi)
pressure wave velocity (ft/s)
specific weight of water (62.4 Ib/ft3)
acceleration of gravity (32.2 ft/s2)
bulk modulus of water (300,000 psi)
inside diameter of pipe (in)

Young's modulus of pg(psi)

pipe wall thickness (in)

flow velocity in pipe (ft/s)

<~“maxQs 9o
oo

Surge control measures shall be provided when pressures, including those due to water hammer,
exceed the pressure rating of the pipe.

5.3.3.12Suction Specific Speed (If Applicable)

The suction specific speed of the pumps shall be calculated using the following formula:
Suction Specific Speed =Q [1(Q).5/ (H).75

The suction specific speed should be below 9,000 rpm to prevent cavitation due to internal
recirculation.

5.3.3.13Stiffness Rab

In order to ensure that the pump shaft does not bend an excessive amount, the Design Engineer
shall calculate the stiffness ratio of the shaft using the following equation:
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Stiffness Ratie L3 /D4

Where:
L = distance between centerlines of impeller and the inboard bearing (inches)
D = diameter of shaft (inches)

The stiffness ratio shall not exceed 60.

5.3.3.14Energy Calculations

Energy costs shall be calculated using the following equations:

a. Calculate the water horsepower required.
P = (Q)(h)(8.34 Ib/gal)
33,000 ftlb min/hp
where:
P = water horsepower (hp)
Q = flow, gallons per minute (gpm)
H = head, feet (ft)
b. Calculate the brake horsepower required.
Bhp = P/ pump efficiency*
where:
Bhp = brake horsepoer (hp)
P = water horsepower (hp)

* Use the most efficient pumps for the application.

C. Calculate the electrical horsepower required
Ehp = Bhp / motor efficiency
where:
Ehp electrical horsepower (hp)

Bhp brake horsepower (hp)

* Use the most efficient motors for the application
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d. Calculate the power required in kilowatts.
EkW=(Ehp )(0.746 Kw/hp)

e. Calculate daily power consumption in kilowturs.
E = [(EKW1)(11) + (EKW2)(t2) + (E KW3)(t3)...]
where:
E = total power onsumption, kilowatt hours (kWh) per day
EkWn = power required, kilowatts for pumps 1,2,...,n
tn =  estimated pump run time in hours per day for pumps 1,2,...,n
f. Calculate the estimated cost for power consumption over the life of the station.
C = (E)($0.06/KWh)(T)
where:
C = cost of power over the life of the station (dollars)
E = power consumption (kilowattour per day kWh/day)
T = time the station is expected to be in service (days)

5.3.3.15Stress and Thrust Calculations

Stress anthrust calculations for internal station piping and bends shalrdaded for stations
with flows over 1000 gpm.

5.3.3.16Specific Station Requirements

All stations will be required to have an equipméfting device. For submersible pumps, a
lifting chainwith slide rails are adequate.

A manhole must be constructed on the influent side of the lift station within 30 feet of the wet
well for purposes of operating bypass pumps.

At the time of final inspection, all pumps must be pulled by the contractar sordutine check
for potential problems covered under the manufacturer's warranty.

Stations with motors 75 hp and larger shall have reduced voltage starters of the auto transformer

or solidstate soft start type. Part winding starters and motors amoeptable. Motors larger
than 75 hp shall be designed with a maximum temperature rise not to exceed 80°C over a 40°C
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ambient temperature. Motors larger than 300 hp may require a higher temperature rise and a
Specific Approval.

Entrance hatches largéman 40 inches in diameter or heavier than 25 pounds shall be spring
loaded.

Valves higher than six (6) feet above the floor shall have chain operators.

Any potable water supply below the overflow elevation of the wet well shall be protected by an
air g.

All lift stations shall have an emergency-pgss connection.
All access hatches must be traffic grade,-skid aluminum.

The minimum site size is S@et by 506feet . A larger site may be required for stations with
three or more pumps.

Wherefencing of the station is specified, stations shall have an enclosure that is a minimum of
eight feet (806) tall, the materi al of which n
12-foot wide gate opening shall be provided at the access drive.

All stations require an access drive that terminates at the center of the wet well.

Submersible drpits shall be no deeper than five feet unless removable grating is used over the
dry pit to provide access.

5.4 Service Connections

Sewer service leads shailbt exceed one hundred and fifty feet (150" in length. Near side
doubl e sewer service |l eads shalll not exceed f
a public rightof-way or easement.

5.4.1 Single-Family Residential Lots

Both far side seinge connections and near side connections shall be installed at the time of
construction of the sewer. Double sewer service leads shall be located within a pubbé-right
way or easement.
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All sanitary sewer service leads shall be located at the oppositer of the water service leads

for each property. If it is not possible for both the water and sanitary leads to be located at the
corner, then the sanitary lead may deviate from the corner to meet minimum separation
requirements. (See Fig-§

! (1L

Figure 51
Service connections shall be constructed of materials as described in Section 5.2.2.

Service connections should be installed at a manhole, when possible.

5.4.2 Multi-Family Residential, Commercial, and Office Developments

Service connections shdle made at a manhole. Far side and near side service connections
should be installed at the time of construction of the sewer.

Service connections shall be constructed of materials as described in Section 5.2.2.

If a manhole is not accessible, the deper must install a manhole in accordance with these
Standards.

Service Connections in industrial zoning districts shall include a sample well prior to connecting
at the city service main or manhole and be accessable to City personel at all times.
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5.4.3 Service Connections at Manholes

Service connections should be made at a manhole when possible. When a service connection
stubout is not provided, an opening shall be neatly cored out of the manhole at the required
elevation. The service connection shaldxtended into the manhole.

Service connections at a concrete manhole shall be grouted in place usisigrinkngrout.
When a hole for a service connection in a brick manhole exceeds eighteen inches (18"), the
manhole shall be rebuilt above the dibea area.

Service connections at fiberglass manholes shall be drilled, uniformly, through the manhole wall.
A neoprene gasket shall be installed around the pipe to provide atighteseal through the

wall. Where required, fiberglass matte and redmallsbe used, in accordance with the
manufacturer's recommendations, to repair wall openings.

Service connections entering a manhole three feet (3) or more above the flow line of the
manhole shall include a drop pipe with fittings outside the manhdhe. difop shall be installed
adjoining and anchored to the wall of the manhole.

Adequate markings shall be provided on site, and on record drawings, to facilitate recovery of
the service connection stdut at the time the connection to the service is made

Connections to the public sewer system shall be inspected by a representative of the City within
the Cityés I imits or approved by the District

Service connections that are installed after initial construof a sewer shall be constructed
using a PVC saddle with gasket and stainless steel straps.

5.5 Building Sites without Sanitary Sewer Service

Building sites without sanitary sewer service
Sanitary swer shall be extended to all building sites prior to developmentsit®rsewage
facilities that comply with all TCEQ requirements require Specific Approval.
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6.0 DRAINAGE DESIGN REQUIREMENTS

6.1 General

All drainage plans and construction shall meeexceed the requirements of the City of Sugar
Land, Fort Bend County Drainage District (FBCDD), and all other entities having jurisdiction.
All storm sewers constructed within the City of Sugar Land and its extraterritorial jurisdictional
(ETJ) areas shlameet or exceed the requirements of this Design Standdirégtorm sewer
construction shall conform to the City of Sugar Land Standard Details.

The intent of these drainage standards is to reduce structural flooding as a result of storm events
up to he 100year storm through the implementation of this criterion in design of storm sewers,
roadside ditches, detention facilities, open channels and management of overland (sheet) flow as
singular components or as part of a combined system.

In regards to evelopment within the 10@ear mapped FEMA floodplain, consult with the City
of Sugar Land Floodplain Administrator for additional design criteria and structural
requirements.

In regards to the development which incorporates a levee system, the Enhgaleeoadinate

directly with the City Engineer and use as a basis of the levee design the criteria detailed in the
FBCDD Drainage Criteria Manual, including requirements for the coincidental rainfall event.

6.1.1 Definitions

Within this Division, the listederms shall be construed to mean the following:

24-Hour Design Storm IsoHyetographi the rainfall type to be utilized within hydrologic
modeling software such as HEAMS.

Backslope Drain - A drain or swalelocated along the high bank of drainage chanaeld
detention pondshat collect overlandunoff from areas adjacent propent draining into the
storm sewer collection systermstallation of backslope drains assist irey@ning overland
drainagdrom eroding the sides of a ditch pond.

Benchmark - A point of establishedelevation, set and used I8urveyorsas a referencéo
obtain elevations on other poirdbunknown elevation. The known elevation is usubdged on
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Amean sea | evel 0, anddijaust emeat &n dttedho thecCipyh a il ¥ e a
of Sugar Land shall provide a reference to the bencheyatiem referenced to the City of Sugar
Land benchmark system (NAVD 88, 2001 Adjustment).

Coefficient Of Roughness- A number used to measure and compare the roughngspeof
interior or open channel sides and bottom.

Commercial - Development of real estate for any purpose other thane si denti al 0 as
herein.

Conduit i An enclosed pipe or device for conveying flowing water.
Continuity Equation:

VA

discharge (cfs)

velocity (ft/sec)
cross sectional area of conduit (sq ft)

Where:

><00

Contour Line - A line on a map, chart or plan that follows a continulues of a certain known
elevation.

Design Storm Eventi Rainfall intensity and durationpon which the drainage facility will be
sized.

Detention Control Structure - The outlet pipe or weir, and highvel spillway that limitsthe
discharge from a detention facility.

Detention Facility - A reservoir, dam, pond or other area where stormveatibects and is held
temporarily. The collected stormwaisrreleased at a calculated rate througletntioncontrol
structure.

Development - A tract of land that has been improved exclusive of land being used and
continuing to be used for agriculadrpurposes. Improvement of land includes grading, paving,
building structures, or otherwise changing the runoff characteristics of the land.

Drainage Area Mapi Area map of a watershed which is subdivided to show each area served
by each subsystem.

Drainage Arteries - Natural or marmade ditches or channels that intercaptl carry storm
water on to a larger major creek, bayosiveam.
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Drainage Report- An engineering representatiaescribing the results of analyses of existing
and/or proposed draige conditions which may take the form of letter reports or more extensive
and formal bound reports. Reports may be submitted as a basis for better understanding of
existing conditions to support a request for approval of construction documents for aegropos
facility or to serve as a plan for future conditiotswill contain details on theystems that will

be usedo convey,detain orotherwisecontrol runofffor the proposed conditions.

Drainage Channel i Feature to collect and convey stormwater ruricdm a watershed that
exceeds a depth of four feet.

Drainage System- A series of swales, storm sewerinduits, ditches and creeks which
function to collect and convey stormwater runofawatershed

Easement- An area dedicatetb a partyfor a speific use, buremains the property of the owner
who granted the easemeiihe uses may be for drainage, maintenance, access, \titaeing
of channel or ditch, or other specific uses.

Excess Runoff- The portion of the precipitation on the land thdinu&telyreaches the drainage
system.

FBCDD 1 Fort Bend County Drainage District

FEMA T Federal Emergency Management Agency.

FIRM - Flood Insurance Rate Maps publishedtyFEMA.

FIS T Flood Insurance Study issued by the Federal Emergency Manag&gesrty

Hydraulic Analysis - The study and/or definition of the movementstdbrmwater through a
drainage system.

Hydraulic Grade Line (HGL) 1 A line representing the pressure head available at any given
point within the drainage system.

Hydrologic Analysis- The study and/or definition of the properties, distributimal circulation
of stormwater runoff over land or in tkeil.

Hydromulching - A processused to establish vegetation on disturbed soil wihelps to
prevent erosion of theoil.
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Impact - The effect of a proposed development on the hydrologwdraulics of a subarea or
watershed as defined by amcrease or decrease in peak dischar@és) or water surface
elevationgfeet). Impacts shall be measured and reported to two decimal filaces.00).

Impact Data - Datarequired to be contained within a Drainage Report wisichpors the
conclusions of the analysis which defines the effects thgirtmosed development will have on
the rainfall runoff rates, rainfall concentration timasd thewatersurface level of the affected
creek, stream, gullydrainage channel, storm sewer systemditch into which proposed
development runoff drains.

Impervious Cover - A land surface cover which does not allow théltration of stormwater
into the underlying soil. Used in hydrologioalysis to calculate thexcesgunoff froman area.

In-fill Development i Development of open tracts of land in areas where the storm drainage
infrastructure is already in place.

Manningds: Equati on

Vv = (KR sf”
Where: K = 1.49 (English units)
Vv = velocity (ft/sec)
R = hydraulic radius (ft)
(areal/wetted perimeter)
Sf = friction slope (headloss/length)
n = roughness coefficient

Metering Device - A device or structure containingipe, V-notch weir, slotsand other
configurations designed to measure or regulageoutflow.

NGVD - National Geodetic Vertical Datumpertaining to base elevatior{3ypically 1929)

NAVD 1 North American Vertical Datum, pertaining to base elevati@ingically 1988)
One-Lane-Passablei Width required on major troughfares and major collectors allowing
passage of vehicular traffic during the 1y¥ar storm evenbn the storm sewer systefhe

passablewvidth shall be considered the pavement free frponding water for a design water
surface elevation (HGL) at the top of the outside curb of the roadway.
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Outfall Structures - A structure made to contain the outfall pipe or pecharge, with
necessary weir, slope paving, riprap,otiner methods toantrol velocity and prevent erosion,
andmay contain the metering device.

Outflow - The final peak discharge from the development sysit&m another or existing
drainage system.

Overflow - The portion of thepeak discharge that will not pass through tesignpipe or
structure, anghall be conveyed throughageir or some otherelief structure.

Peak Discharge- The maximum rate of stormwater runoff as determined frommtagimum
point of the calculatedydrograph for the study are@acubic feet perexcond

Public Storm Sewersi Conduits and appurtenant structures that provide drainage for a public
right-of-way or more than one private tract and are located in a publieafighdy or easement

Private Storm Sewers- Provide internal drainage forsingle reserver other tract.

Rainfall Data - Data pertaining to the amount of rainfall in a certain @ occurring over a
certain specified period of time.

Rainfall Frequency i A rainfall event of defined characteristics related to the probglofit
occurrence in any given yeatr.
For the purpose of storm drainage design, the following frequencies are applicable:

2-year frequency i a rainfall intensity having a 50 percent probability of occurrence in
any given year; nominally likely to occonce every 2 years.

3-year frequency 1 a rainfall intensity having a 33 percent probability of occurrence in
any given year; nominally likely to occur once every 3 years.

5-year frequency T a rainfall intensity having a 20 percent probability of ocence in
any given year; nominally likely to occur once every 5 years.

10-year frequency 1 a rainfall intensity having a 10 percent probability of occurrence in
any given year; nominally likely to occur once every 10 years.

25-year frequency i a rainfallintensity having a 4 percent probability of occurrence in
any given year; nominally likely to occur once every 25 years.
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100year frequencyi a rainfall intensity having a 1 percent probability of occurrence in
any given year; nominally likely to occunce every 100 years.

500-year frequencyi a rainfall intensity having a 0.20 percent probability of occurrence

in any given year; nominally likely to occur once every 500 years.

Rational Formula i A method for calculating the peak rofff for a storm dain system. The
method uses the following equation:

Q = CxIxA

Where: C = watershed runoff coefficient
I = rainfall intensity (inches per hour)
A = area (acres)

Redevelopment’ A change in land use that alters the impervious cover of a tract.

Regional Detention Facility A detention facility that collects and holds stormwdtem more
than one development or from magveeks or tributaries

Residential - Of or pertaining to single family detached dwelling(s) mafuding multifamily
townhomes, condominiuspor apartments.

Right-Of-Way - Land that is set aside and reserved for cegaiposes including drainage and
maintenance, angossibly future widening addrainage channel.

Runoff Coefficient - A factor reflecting the ratio of raff to rainfall intensity that is determined
based on land use, impervious cover, soil tyglepesvegetatiorand improvements

Sheet Flowi Overland storm rwoff that is not conveyed in a defined conduit; it may be in
excess of the capacity of a cantdwhere the hydraulic grade line extends above the gutter line.

Spillway - The part of the outfall structure that allows and controltse fiover f |l owo
go through the structure.

Subdivide - To divide a tract of land into two onore smalletracts orbuilding lots.

Subdivision - A tract of land which has been separated from surroundagogs and has been
divided into two or more lots.
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Swale- A very shallow ditch that usually has very long slopgides, in some cases not much
more that amalldepression thatonveys runoff.

Variance - A one time formal exception to a particular rule or rujeanted for extenuating
circumstances, bthe City Engineer.

Watershed - A region or area bounded peripherally by a ridge of highevation and ichining
ultimately to a particulawatercourse or body of water.
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6.2 Storm Sewer Materials

Storm sewer and culvert pipe shall be-past reinforced Class Ill concrete pipe. Concrete pipe

and box culverts shall b e otrand tappeopriaiei forytiies Ap p
application. The Design Engineer shall provide for increased pipe strength when conditions of

the proposed installation exceed the allowable load for Class Il pipe. All concrete pipes shall

have Qring rubber gasketed jointRipe joints for box culverts shall be sealed with Ram Neck

or equivalent.

Storm sewer outfalls into open channels shall be constructed using corrugated steel pipe or
Reinforced Concrete Pipe. Corrugat ed Listt eel p
and appropriate for the application. High Density Polyethylene (HDPE) pipe shall not be utilized

for public storm sewers.

Storm sewer outfalls shall have slope protection to prevent erosion. Slope protection shall be
constructed of reinforced conteepavement. Refer to the City of Sugar Land Standard Details
for minimum dimensions.

6.3 Location of Storm Sewer

Public storm sewers shall be located within a public street-ofghMay or a storm sewer
easement, dedicated to the public and adjoining aqstioket rightof-way. In instances where it
is impractical to place storm sewer adjoining a public street-ofyimay, a permanent access
right-of-way shall be dedicated (as drainage easement)dtln width adjacent to the storm
sewer easement for@ass.

All residential lots shall drain to a public right-way directly adjoining the lot, generally in a

back to front pattern. Drainage from a residential lot to a public-ofyimay at the rear or side

of a lot may be permitted, provided the drgeaystem has been properly designed to accept the
flow. Drainage from a residential lot to an adjoining greenbelt or golf course shall require a
public drainage easement to be maintained by the Homeowner's Association or appropriate
private entity. Draiage to a private easement shall require a Specific Approval and must be
noted on the recorded subdivision plat. Drainage to a Fort Bend County drainage easement shall
be approved by the FBCDD.

Private storm sewer connections to public storm sewerksaitalr at a manhole or at the back of
an inlet. Private drainage systems cannot discharge over public sidewalks or onto adjacent
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properties, except to existing ditches, creeks, streets or into public storm sewers located in public
rights-of-way or easemds. Private drainage into Texas Department of Transportation (TxDOT)
ditch, road, or storm sewer, must be approved or documented with a permit, letter or note of no
objection by TxDOT attached with the construction plans for final approval from the ity o
Sugar Land.

6.3.1 Public Street Right-of-Way

For all storm sewers located in a public street rihw a vy a minimum distance
shall be maintained inside the righftway line to the outside edge of the storm sewer unless
accompanied by ardmcent easement.

Storm sewers shall be | ocated to provide a mi
wall of the pipe, and are permitted in the esplanade or median.

6.3.2 Storm Sewer Easement

Refer to the City of Sugar Land Development Code @hap, Article 1ll, Sec. 821 (3) for
details regarding storm sewer easement requirements.

6.3.3 Drainage Channel and Swale Easements

Drainage Channels shall confirm to the size requirements in Section 6.5.6 of this Standard and
have dedicated righiaf-way or @sement width equal to the distance of the channel top width,
width for the required maintenance berms and backslope drainage systems on either side. All
drainage channels constructed within the City of Sugar Land which discharge into a FBCDD
easement oiight-of-way shall be dedicated to FBCDD. FBCDD may require additional width.

Where a public road is adjacent to a channel, a backslope system is not needed, provided the
maintenance berm drains to the road. A minimum widttbdeet is satisfactory undés more

distance is needed for public safety. The primary access to channels for inspection, maintenance,
and modifications is at bridge and culvert crossings. In many cases, a guardrail or wingwall
physically blocks access. Provide a minimisfoot wide unobstructed vehicular access

around existing and future guardrails, walls, and plantings at crossings within a roau-right

way or public drainage easements.

Drainage swales for conveyance of sheet #tnll be placed idrainage easements. Drainage
easements shall have a minimum widththetop width of the swale plusf2et on either side
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6.3.4 Utility Conflicts

The Design Engineer shall account for all utility conflicts with a storm sewer including water
lines, sanitary sewers, street lighting, aaibdother utilities. See Section 6.5.2 for additional
criteris.

6.4 Construction Plan Requirements

6.4.1 Drainage Area Map

A drainage area map and supporting data sheets shall be included in the construction plans. The
drainage area map shall include:

A. Drainage areas, including areas draining fromsité onto or adjoining the project.
B. Design storm runoff.
C. 100-year storm runoff.

D. Route of overland flow including the overflow to a drainage way sized to accommodate
the 100year flow (Sheet Flow aisis).

E. Elevations for the 2year and 10§ear storms in the outfall channel.
F. Design discharge per inlet.

G. Maximum 100year ponding elevation at each inlet.

6.4.2 Other Requirements

Detailed drainage calculations shall be submitted with the remtisin plans.
The Hydraulic Grade Line (HGL) for the design storm shall be shown on the construction

drawings. Calculations for the elevation of the HGL shall be provided with the design storm
drainage calculations.
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6.5 Design Requirements

The minmum depth of a storm sewer (measured to the top of pipe) shall be fiwenigpches

(24™) below top of curb or finished grade, whichever is lower. The minimum size storm sewer

for mains and inlet leads shall be twefyr inch (24") inside diameter, ando-foot by two

foot (206x206) for reinforced concrete box culywv
sewer shall match soffits of the pipe. To match flowlines at these locations, specific approval by
variance shall be requested.

Storm sewes shall be constructed on a straight horizontal and vertical alignment between
manholes. Storm sewers greater than or equal totiwaynches (42") in diameter may be laid

along a curve using manufactured bends of less than or equalltd®°11Cameraspection may

be required on storm sewers constructed along a curve. Storm sewers greater than or equal to
fifty-f our i nches (540) in diameter may be constr
the City Engineer.

Storm sewers shall be beddesing cement stabilized sand that complies with the City of Sugar
Land Standard Details.

6.5.1 Pipe Requirements

6.5.1.1 Reinforced Concrete Pipe

Reinforced concrete pipe shall be installed in compliance with the following cover restrictions:

Pipe Class Maximum Cover (Ft.)
1 15'
\Y, 30’

Reinforced concrete pipe installed at a depth greater than thirty feet (30') shall be designed by the
Design Engineer for the specific installation. Reinforced concrete pipe shall be designed in
accordance with the Amean Concrete Pipe Association, "Concrete Pipe Design Manual”.
Maximum cover on the pipe shall be measured from the top of pipe to the ultimate finished grade
or natural ground, whichever is greater.
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6.5.1.2 Corrugated Steel Pipe

Corrugated steel pipe shallrcd or m t o t he Cityods Approved P
corrugated steel pipe shall be cement stabilized sand that shall comply with the City of Sugar
Land Standard Details.

Corrugated steel pipe larger than eigfayr inches (84") in diameter or greatean thirty feet

(30") deep shall be designed by the Design Engineer for the specific installation. Corrugated
steel pipe shall be designed in accordance with the American Iron and Steel Institute, "Handbook
of Steel Drainage and Highway Constructiondricis".

6.5.2 Utility Clearance

Storm sewers shall have a minimum vertical clearance ofoment ( 120) fr om wat e
utilities. For all clearances lessthandn®@ ot (120) from water and sa
Engineer shall identify locatienand the City Engineer must approve these locations during the

plan review process. However a minimum clearance of sixc hes (60) shall be
these instances. From dry utilities (i.e. gas line, other storm lines, duct banks, etc.) a minimum
clearance of skinches (6") shall be maintained. The clearance shall be measured from the
outside wall of the pipe. See section 6.3.4 for additional criteria.

6.5.3 Runoff Calculations

The rate ostormwaterrunoff (peak discharge) shall be determined farteilet, pipe, roadside
ditch, channel, bridge, culvert, outfall, or other designated design point bythsifglowing
standards:

1. Application of Runoff Calculation Models Acceptable Methodology For Areas Less Than

200 Acres- For areas up to 200 i@s served by storm sewer or roadside ditch, peak discharges
will be based on the Rational Method. If the modeling is to be included in a FEMA submittal, the
models to be used must be acceptable to that agency.

Acceptable Methodology For Areas Greater Tha 200 Acres- Rainfall runoff (hydrologic)
modeling will be applied to areas greater than 200 acres in size and shall be based upon the
criteria detailed within the FBCDD Drainage Criteria Manual. If the modeling is to be included

in a FEMA submittal; thenodels to be used must be acceptable to that agency.
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2. Rainfall Durations for Hydrologic Modeling For design using HEEIMS modeling, the 24
hour design storm isohyetograph will be used for rainfall data for drainage areas larger than 200
acres.

6.5.3.1 Application of the Rational Method

Use of the Rational Method for calculating the peak runoff for a storm drainage system involves
applying the following formula to runoff:

Q=CIA

Where:

Q = peak discharge (cfs)

C = watershed coefficient

| = rainfall intensiy (inches per hour)
A = drainage area (acres)

Calculation of Runoff Coefficient - The runoff coefficient "C" values in the Rational Method
formula will vary based on the land use. Correlation of land use types and "C" values are
provided as follows:

LandUse Type Runoff Coefficient
Paved Areas and/or Roofs 0.95
Residential Districts

Lots more thanzacre 0.35

Lots 1/4- %> acre 0.45

Lots 8,000 sfi 1/4 acre 0.55

Lots 5,000 sfi 8,000 sf. 0.60

Lots less than 5,000 sf. 0.70
Multi-Family areas

Less tlan 20 DU/AC 0.75
20 DU/AC or Greater 0.85
Business Districts 0.90
Industrial Districts 0.85
Railroad Yard Areas 0.30

Parks/Open Areas/Pastures0.25

Composite fCO -useadtainagearehsoare allmied ferdise in the Rational Formula.
Thesev al ues are to be obtained by calculating a
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of the subareas contributing to each mixede drainage area. Any calculations of these
Composite AC0O values are to bensprovided as pa

Determination of Time of Concentration- The time of concentration (Tc) shall be calculated

for all inlets and pipe junctions in a proposed storm drainage system or other points of runoff
entry to the system. Recommendations for determining flowckigs for various slopes and

land use for overland and shallow concentrated flow are preserfégliie6-1. A minimum Tc

for all calculations shall be 10 minutes.

For storm sewers, time of concentration for other analysis points shall be the higleesf t
concentration of the previous upstream contributing area(s) plus time of flow in the pipe

The Engineer shall provide supporting calculations for Tc upon request by the City Engineer.

For drainage areas of one acre or less the time of concemtnaial not be calculated and storm
duration of 10 minute or 15 minutdsy developed or undeveloped conditions respectivaby
be used as the basis of design.

Intensity-Duration Curves - The time of concentration of the runoff will be used to determine
the rainfall intensity component of the Rational Method Formula. FiguPedepicts the
intensityduration curves to be used for this method of storm sewer and roadside ditch design in
the City of Sugar Landand extraterritorial jurisdiction. These curvegre derived from the
National Weather Service publications HYDRS and Technical Paper No. 40 and from the
U.S.G.S WRI Report 38044.Figure 63 depicts intensities for common time of concentration
values.
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CITY OF SUGAR LAND
INTENSITY DURATION CURVES (IDF)

Sugar Land IDF Curves
(based on USGS 98-4044 methodology)
10000 PR
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Time, (min)
i =a(b'®)(Tc)
i = intensity, (in/hr)
Tc = time of concentration, (min)
100-Year 50-Year 25-Year 10-Year 5-year 2-Year
a= 32.77 31.25 29.41 27.10 24.90 21.02
b= 0.99959 0.99955 0.99948 0.99942 0.99933 0.99911
= -0.49 -0.51 -0.52 -0.54 -0.55 -0.57

(based on USGS 98044 methodology)
Figure 62: Sugar Landntensity Duration Cuns
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Tc, l, (in/hr)

(min) | 2-vear | 5-Year | 10-Year | 25-Year | 50-Year | 100-Year
10 5.63 6.92 7.74 8.80 9.63 10.48
15 4.45 5.51 6.20 7.10 7.82 8.56
20 3.76 4.68 5.29 6.09 6.74 7.41
25 3.30 413 4.67 5.41 6.00 6.63
30 2.96 3.72 4.22 4.91 5.46 6.04
40 2.49 3.15 3.59 4.20 4.69 5.22
50 2.18 2.76 3.17 3.72 4.17 4.66
60 1.94 2.48 2.85 3.36 3.78 4.24

Figure 63: Intensities for Common Time of Concentration Values

6.5.4 Storm Sewer Hydraulic Requirements

For storm sewer drainage areas less than 100 acres, the desigfosttiorm sewer shall be 2

year storm event, which shall result in storm sewers sized to maintain the HGL below the gutter
line and which shall not exceed inlet capacity. Storm sewers shall be designed to have a
minimum velocity of three (3) feet per secbwhen flowing full. Storm sewer velocities shall

not exceed ten (10) feet per second internally, discharge velocities into channels, detention
basins, etc. shall be limited to eight (8) feet per second and shall be constructed in accordance to
City of Swgar Land standard details. For discharge velocities in excess of eight(8) feet per
second, utilize energy dissipation prior to allowing flow to be released into grassed or natural
channels.

For storm sewer drainage areas between 100 acres and 200hec&&s/dar design storm shall

be utilized for storm sewer segments draining over 100 acres. The storm sewer size shall ensure
that segments draining over 100 acres maintain the HGL below the gutter line. Storm sewers
shall be designed to have a minimunioegy of three (3) feet per second when flowing full.
Storm sewer velocities shall not exceed ten (10) feet per second internally, discharge velocities
into channels, detention basins, etc. shall be limited to eight (8) feet per saubrsthall be
constucted in accordance to City of Sugar Land standard details. For discharge velocities in
excess of eight(8) feet per second, utilize energy dissipation prior to allowing flow to be released
into grassed or natural channels.

No storm sewer shall be designsidhin the City of Sugar Land for drainage areas greater than
200 acres.
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Manning's Equation should be used to compute the size of the storm sewer. The following
Manning's coefficient, n, is to be used for design, 0.013 for concrete pipe and 0.024 for
corrugated metal pipe with-2/3 x 1 corrugations, and 0.027 for corrugated metal pipe with 3x1
or 5x1 corrugations.

STARTING HYDRAULIC GRADE
(a) The hydraulic gradient shall be calculated assuming the top of the outfall pipe as the
starting water surface efation unless under submerged outfall conditions, then the
static water surface at the outfall shall be considered the starting water surface elevation.

(b) At drops in pipe invert, should the upstream pipe be higher than the hydraulic grade line,
then thehydraulic grade line shall be recalculated from the top of the upstream pipe.

(c) For storm sewer segments for which they2ar design storm is utilized, the starting
tailwater condition shall be the 3®ar water surface within the outfall waterway.

(d) For 100-year storm event analysis the starting hydraulic grade shall be {yeap%ater
surface within the outfall waterway.

The City Engineers may request confirmation that the timing of discharges from storm sewer
systems do not adversely impact the disgke hydrograph of the receiving stream.

For any public street, the top of curb elevation shall be at or above thgedO®oodplain
elevation based on the most current published FIRM panel maps or the best available data. For
all public streets, the aximum ponding elevation calculated for the @@r, 24hour design

storm, is to be the lowest of the following:

T 1206 above the natur al ground or abutting
T 90 above top of the street curb, or
1T 120 below the | owest sl adlotsel evati on of bu

It is desirable that the maximum ponding elevation shall be confined to the public street-right
way.

By Specific Approval, if the City has approved a development with reduced building setbacks
and the imposition of these drainage standardsldvresult in the streets, sidewalks, or public
parking violating federal or state disabled accessibility requirements, the Design Engineer shall
increase the size of the storm sewer to provide for street ponding and flow levels that are no less
than fiveinches below the lowest building slab elevation on abutting lots. Without regard to any
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other provision of these Standards, building slab elevations on the abutting lots must be at least
one foot above the adjacent gutter. (Ordinance No. 1324, Sec2001),

The additional criteria of onnepassable shall apply to all major collectors and major
thoroughfares for the 16¢ear, 24hour storm events on the storm sewer.

6.5.5 Roadside Ditch Hydraulic Requirements

The use of roadside ditches is allowedeadeveloped areas or in specific instances allowed by
the City Engineer, and shall be in conformance with this standard. Outfall drainage to an existing
roadside ditch shall be limited to tracts with frontage along the roadside ditch. If no frontage to
theroadside ditch exists, but in review of detailed topographic data which shows the subject tract
currently drains to the roadside ditch, an outfall will be allowed with full retention of discharges
(1 acrefoot per acre detention). Maximum discharge rate anroadside ditch shall be the flow

rate defined by a previously approved drainage report and/or drainage area map, the rate of
runoff from the front one hundréty (150) feet of the tract calculated by the Rational Method

assuming a runoff coefficien A Co0 of 0. 2, or c alratawshaeetoketile b as e
existing capacity of the roadside ditch at the point of outfall. Capacity of the roadside ditch shall
be computed using detailed topographic survey

The cesign storm for roadside ditches shall bgear storm event and shall provide for the

design water surface elevations to be maintained no higher than six (6) inches below the edge of
pavement or the natural ground at the Aghtvay line. The design sHansure that during the

100year storm event (2Bour) that no habitable structures will be flooded. Storm water
discharges from a roadside ditch into a storm sewer system must be received by use of an
appropriate structure (i.e., stubs withringgratesot ype A EO i nl et manhol es

Design parameters for roadside ditches are as follows:

a. Grass lined ditches shall have a maximum design velocity of four (4) feet per second
(fps). For conditions where velocities will exceed four (4) feet per second, erosion
control methods shall be utilized.

b. Grass lined ditches shall have side slopes not steeper than four horizontal to one
vertical (4:1). Steeper grades will be allowed if slope paving is utlized and as
approved by the City Engineer.

c. The minimum depth of aroadi de ditch shall be eight et
maximum depth of a roadside ditch shall not exceed four (4) feet from the edge of
pavement. If conditions warrant a deeper section, approval must be obtained from the
City Engineer.
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d. Grass lined ditches shdiave a minimum design bottom width of two (2) feet. If
conditions warrant a narrower section, approval must be obtained from the City
Engineer.

e. Grass lined or paved ditches shall maintain a minimum of two (2) feet between the
right-of-way line and the gdcent top bank.

f. Grass lined ditches shall have a minimum grade of 0.1 foot per 100 feet (0.1%).

g Calcul ation of velocity shall be perfor
coefficient of 0.040 for earthen sections and 0.015 for paved inverts or sections.

The installation of culverts in roadside ditches to facilitate driveway and roadway crossings shall
be permitted with approval of the City Engineer. Culverts shall be concrete (in compliance with
Section 6.5.1.1 of this standard) and placed at crossiitigav@:1 end slope and protection with

a safety end treatment (per City of Sugar Land Standard Detail or appropriate TXDOT standard).
Culverts shall be designed assuming either inlet or outlet control, whichever situation governs.
Culverts within roadsidditches shall be sized based upon the drainage area for the two (2) year
storm event or the ditch capacity, whichever is greater (calculations to be provided), and shall
have a minimum diameter of twenrftyur (24) inches. The maximum allowable headlossugh

the culvert shall not exceed 0.20 feet greater than the normal depth water surface profile without
the culvert.

6.5.6 Drainage Channel Hydraulic Requirements

New drainage channels shall be designed to contain thgeBd0Q 24hour storm event for the
proposed watershed conditiod/hen channel modifications are necessary to accommodate a
proposed storm sewer outfall or to offset increased flows from a proposed development, design
the modifications such that tl&&-year and 10§ear, 24hour storm evenwater surface profiles
upstream or downstream are not increased above existing condhiipdsaulic analysis of
channels (modeling) shall utilize steady state methods consistent with guidance in the FBCDD
Drainage Criteria Manual, unless prior approvanirthe City Engineer. Channels shall be
designed based upon the following criteria and provide water surface elevations forytar 25

and 100year design storms:

a) Minimum slope 0.05%, maximum slope shall limit velocities to 3 fps for sandy soils
and 6 fs for clayey soils for grass lined channels and 12 fps for concrete lined or
riprap lined channels.

b) Providef oot (16) of freeboard.

c) Channels shall have minimum bottom width of 6 feet and be trapezoidal shaped.

d) Side slopes on channels shall be no steépem 4:1 for grass lined and 2:1 for
concrete lined.
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e) Channels shall have a center depression (pilot channel) of at least 0.5 foot for less
than 20 foot bottom width, 1.0 foot for channel widths from 20 to 60 bottom foot, and
utilize a 1% minimum cross slegdor the bottom widths in excess of 60 foot.

f) Berm widths for grass lined channels 7 feet in depth or greater shall be 30 foot in
width. Berm widths for grass lined channels less than 7 feet in depth or concrete lined
shall be 15 foot in width. Berm width®r channels partially lined with concrete,
articulating concrete blocks or riprap shall follow the requirements for grass lined
channels.

g) All grass lined channels (including channels with pilot channels with concrete or
other armoring) shall utilize baslope swale drainage systems; backslope drains shall
outfall 1 foot above the channel bottom at the toe of slope.

h) Manningdés coefficient for channels shall
and 0.015 for concrete lined sections.

i) Construction ofconcrete, riprap or articulating block lined channels and backslope
drainage systems shall confirm to the City of Sugar Land Standard Details.

]) Design details regarding backslope interceptors, bends, curves, and other design
elements shall be consistent wijuidance in the FBCDD Drainage Criteria Manual
unless otherwise detailed as more restrictive herein.

Geotechnical reports shall be prepared for drainage channels design which provides
recommendations on side slopes, slope stability, soil erodibilibygngiwater information and
soil properties.

6.5.7 Bridges

All bridges shall have a low chord elevation a minimum of eighieemes (18") above the 100
year water surface elevation as defined by the FEMA FIS, provided by the City Engineer, or
determined from aapproved hydraulic analysis prepared by an Engineer.

For existing bridges which are replaced, coordinate with the City Engineer on the low chord
elevation requirements.

6.5.8 Commercial Parking/Paved Areas

For commercial parking/paved areas greater than (Byeacres in size (including acreage of
green spaces, forested areas within parking/paved area) shall require a high capacity storm sewer
system. The internal storm drainage system for these areas shall be sized for a conduit capacity
capable of maintaingnhydraulic design conditions below parking lot elevations during e

storm utilizing a top of pipe starting water surface elevation at the outfall.
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6.6 Appurtenances

6.6.1 Manholes

Manholes shall be placed at all changes in alignment, grade and st@mfsewers (except

bends as provided in Section 6.5); at the intersection of two or more storm sewers; at all inlet
leads; and at the end of all storm sewers not intended to be extended. The maximum spacing
between manholes shall be six hundred fe@d'j6

Manhole covers shall be cast iron, traffic bearing type, ring and cover with the words "City of
Sugar Land Storm Sewer"™ cast into the cover,

6.6.2 Inlets

Inlet capacity for the design storm shall be computed using anxmaxiwater surface elevation
equal to the top of curb at the inlet. Design capacity for a TyBeoBH-2 inlet with a sixinch

(6" standard curb shall be five (5) cubic feet per second. Design capacity for a Type B inlet
shall not exceed two and chalf (2.5) cubic feet per second.

The maximum travel distance of water in the street to a curb inlet shall be three hundred feet
(300" on a major collector or arterial and in commercial areas. The maximum travel distance of
water in the street permitted ansinglefamily residential area shall be four hundred feet (400").

Curb inlets shall be located on the intersecting side street at an intersection with a major collector
or arterial.

Grated inlets may be permitted in an open ditch by Specific Approval.

Back slope swale interceptors shall be placed in accordance with the requirements of Fort Bend
County.

Inlets must be backfilled with 1.5 sacks per cubic yard of cement stabilized sand placed to the
bottom of pavement sub grade elevation. (Ordinancell8, Section 2, 1998)

6.6.3 Safety End Treatments (SET)
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Safety End Treatments (SET) must be placed on drainage culverts for commercial driveways,
public streets, and residential driveways that cross open ditches located in the pubbé& right
way that are djacent to and parallel to the public street. Safety End Treatments (SET) shall
meet Texas Department of Transportation requirements. (Ordinance No. 1382, Section 2, 2003)

6.7 Storm Water Detention Requirements

6.7.1 General Design Requirements

A licensed enginer shall provide calculations for the peak runoff rate and required storage
volume in accordance withese standards or FBCODrainage Criteria Manuavhichever is
more restrictive.The intent of storm water detention is to mitigate the effect of the new
development on an existing drainage syst&watention is required for all areas which are being
developed or redeveloped as defined in Section 6.1.1 of this standard.

The use of ossite detention is required for all new developments unless regioraitidet
facilities are built to accommodate the subject development. To utilize a regional detention
facility the Engineer shall document that the tract is located within the regional detention service
area and that flows can be conveyed from the subjact to the regional facility without
adversely impacting property owners adjacent to the path of conveyance.

Private parking areas, private streets, and private storm sewers may be used for detention
provided the maximum depth of flooding does not exceeédx i nches (60) direc
in a parking lot and is in compliance with the ponding levels established in Section 6.5.4.
Underground detention facilities may be utilized. Construction drawings shall document that
structural design was performéat the structural components providing the storage volume and

the anticipated use of the surface area above the underground detention facility.

In addition to a pipe outlet, the detention basin shall be provided with an extreme event overflow
that will provide a controlled bypass for flows should the detention basin be overtopped.

Detention ponds shall maintain a minimum of one foefodt) of freeboard between the top of
bank and the 109ear water surface elevation.

Geotechnical reports shall be paepd for detention basins which provide recommendations on

side slopes, slope stability, soil erodability, groundwater information and soil properties. A
minimum of one (1) boring for every 800 linear feet of channel and three (3) borings for
detention bass less than fcres are required. Please consult with the City Engineer for large
detention basins, outfalls in the Brazos River and Oyster Creek, and for levees.
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A maintenance easement shall be dedicated around detention facilities in accordanbe with t
Development Code (exterior edge of maintenance berm). The width of the berm around the
detention basin may vary based on the depth of the facility.

Depth of Basin (ft.) Maintenance Berm Width (ft.)
O 7 ft. 15 feet
> 7 ft. 30 feet

For maintenance berms adjacent to public rigftsvay, the berm width regardless of depth may
be 15feet.

Where overland flow is directed to the detention basin, the basin shall be designed to include a
backslope interceptor and swale system to intercepit®ffiows. When overland flow is not
directed to the detention basin, the design of the basin is not required to include a backslope
interceptor and swale system. In all cases, where the detention basins has side slopes of 5H:1V
or greater, a backslojpeterceptor system is not required.

Gravity drained detention basins should be designed to drain in 24 hours following the storm
event when possible, with a maximum 48 houd#¥s) draw down period. Pumped detention
basin shall drain in less than 96 he@-days).

6.7.2 Dry Detention Basin:

The basin shall be designed to minimize standing water on the bottom of the basin. The side
slopes of the basin shall be a maximum 4H:1V (horizontal to vertical) unless geotechnical
recommendations allow for slopes gtee in no instance shall earthen side slopes be steeper
than 3H:1V. The basin shall be designed with a minimum loge across the bottom of 1.0%.

A concrete pilot channel with a minimum width of 6 feet and minimum depth of 6 inches shall
be construad within the basin. The minimum slope of the pilot channel shall be 0.10%.
Concrete side slopes or vertical walls may be utilized in dry detention basins, with approval of
the City Engineer.

6.7.3 Wet Pond/Amenity Lake:

The facility shall be designed fwrovide detention storage necessary to serve the development
above the normal pool elevation of the facility.
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A maintenance berm around the wet pond/amenity lake shall be provided within the dedicated
drainage easement. The maintenance berm shall beedosat that one foot of freeboard is
provided above the 10@ear water surface elevation within the wet pond/amenity lake.

The maintenance berm shall provide for a maintenance strip between the edge of the permanent
pool and toe of the side slope of thetfmm of basin providing detention, the minimum width of

the maintenance strip is 15 feet and shall be sloped from the toe of the side slope to the edge of
the permanent pool at 1%. The strip is not required when the side slope is 5H:1V or greater.

6.7.4 Detention Volume

The design storms for hydrologic routing of detention basins shall be the 10, 25 and 100 year
storm events. Runoff volumes for use in hydrologic routing may be developed from guidance
provided in Chapter 2 of the FBCDD Drainage CriterianMe. In no instance shall the
detention storage rate for a developed area be less than 0.48edqyer acref-or developments
composed of large lots, or containing significant amounts of green space or of limited
development (such as recreational ides) the City Engineer may grant a variance on the
minimum detention rate requirement.

A) For drainage areas less than 2 acres:

1. In areas where regional detention is not available or where flows cannot be
conveyed to the regional facility, esite detentiorshall be required at a storage
rate of 0.85 acréeet per acre of developed area.

2. The use of runoff hydrographs or routing of runoff is not required.

3. The design discharge from the facility shall not exceed the existing condition flow
rates (Q) for the dggn storms as determined in Section 6.5.3 of this Standard.

4. For tracts which are for a single family residence and where all improvements
result in an overall tract imperviousness of no greater than 70%, no detention is
required.

B) For drainage area 2 acrasd up to 50 acres:

1. Onsite detention shall be provided at a storage rate of 0.75emdrper acre of
developed area, unless a detailed hydrologic and hydraulic analysis is performed
and reflects a lower storage rate is required. However any reducadestate
shall be greater than the minimum stated in this standard.

2. The use of runoff hydrographs or routing of flood flows is not required.

3. The design discharge from the facility shall not exceed the existing condition flow
rates (Q) for the design stosmas determined in Section 6.5.3 of this Standard.
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C) For drainage areas 50 acres and up to 200 acres:

1. Onsite detention shall be provided at the rate determined from a detailed
hydrologic and hydraulic analysis (routing) based upon the specific site coisditi
and not as part of a larger watershed. The methodology to be followed for the
hydrol ogi ¢ and hydraul ic anal ysi s s ha
methodology acceptable to the City Engineer.

2. The design discharge from the facility shall not exceeexisting condition flow
rates (Q) for the design storms as determined in Section 6.5.3 of this Standard.

D) For drainage areas larger than 200 acres:

1. Existing and proposed condition flow rates, detention storage requirements
and evaluation of the impacts tbe watershed for the subject development
shall be evaluated on a Watershed Basis utilizing Methods established in
Section 2.2.3 and Section 6.4.3 of the FBCDD Drainage Criteria Manual.

Figure 64 provides a guide for estimating the detention rate bgsewl acreage of the site to be

developed based upon the requirement of this section. The actual detention rate for site larger
than 50 acres shall be based upon the detailed hydrologic and hydraulic calculations.
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Figure 6.4 Guide for Estimating Detertn Rate

Notes:

1) Detention rate shall be equal to the red line for areas up to 50 acres.

2) Detention rate shall be equal to or greater than the green line fr@@05fcres.

3) Detention rate shall be equal to or greater than the blue line folargasthan 200 acres.

126 Division 6, Drainage Design



City of Sugar Land Design Standards

6.7.5 Calculation of Outlet Size

When detention ponds discharge into an existing storm sewer line or existing City of Sugar Land
channel then:

1 If the maximum pool elevation is at or below the design HGL of the storm sewer or
channel athe outfall, the discharge pipe shall be sized for the design storm with the
outfall pipe flowing full

1 If the maximum pool elevation is above the design HGL of the sewer or channel at the
outfall, the plans must include a reducer or restrictor pipeetadmstructed inside the
discharge line. The discharge line shall be sized for the design storm with the outfall pipe
flowing full. The reducer or restrictor pipe shall be sized as follows:

The reducer or restrictor will be sized for the undevelopedahtischarge, to be
no greater than 0.5 cfs per acre, unless capacity for a greater flow rate is verified
in the receiving system.

Use the following equations to calculate the required outflow orifice:

Q = CA(2GHJ® and D = 3% (2.25 H")

Where:
Q = outflow discharge (cfs)
C=0.8

A = orifice area (square feet)

G = gravitational factor (32.2)

H = head, water surface differential (feet)
D = orifice diameter (feet)

The restrictor shall be either of the required diametesf the equivalent crossectional
area. The orifice diameter D shall be a minimum of 0.5 feet.

6.7.6 Pumped Detention
Pumped detention systems will not be maintained by the City under any circumstances, will not

discharge into a City storm sewer systentaadside ditches, and will be approved for use only
under the following conditions:
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T

T

The site topography or other physical constraint does not allow the construction of a
gravity system.

The system is designed to pump the design flow rate with at deaspump out of
service. No single pump installations will be permitted. .

The selected design outflow rate must not aggravate downstream flooding. For example,
a pump system designed to discharge at the existinggd&XOflow rate each time the
systemcomes odine would aggravate flooding for more frequent storm events and
would therefore not be allowed. Design discharge rates shall be limited to existing
condition flow rates for the given storm event, and additionally analyzed for the 5 year
storm evat.

Drawdown requirement as stated in Section 6.7.1.

Fencing of the control panel is provided to prevent unauthorized operation and
vandalism.

Adequate assurance is provided that the system will be operated and maintained on a

continuous basis. Fad§i must be maintained by Municipal Utility District or other
governmental entity.

An emergency source of power is provided.

If the Engineer believes a pumped detention facility will be required, at the conceptual design
stage the Engineer shall requesteeting with the City Engineer to review the concepts and
ensure agreement on the methods and requirements.
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7.0 ROADWAY DESIGN REQUIREMENTS

7.1 General

All paving plans and construction shall be approved by the City of Sugar Land for all streets
within the City of Sugar Land and its extraterritorial jurisdiction.

All paving plans and construction within the ETJ shall also be approved by the Fort Bend County
Engineer.

All public streets shall be concrete with curb and gutter.

All street designs shall céarm to all applicable planning tools, such as the City of Sugar Land
Subdivision Ordinance, the Texas Manual on Uniform Traffic Control Devices (TMUTCD),
major thoroughfare plans, master plans, etc. Other considerations for design shall include street
function, street capacity, service levels, traffic safety, pedestrian safety, and utility locations.

All street designs shall conform to the City of Sugar Land Standard Details. Aspects of design
not specifically addressed in these Standards and the &tabDeétails are to be constructed
consistent with national standards as identified in manuals such as AASHTO, TMUTCD, etc.
The Design Engineer shall cite the standards used as the basis of his design.

7.2 Roadway Types

For pur poses of dseeeteaaquirenents) gtreets lare clasSsifiedyad $ollows:
(Ordinance. No. 1423, 3/2/04)

P8D Principal Arterial, Eight Lanes, Divided.
P6D Principal Arterial, Six Lanes, Divided.
P4D Principal Arterial, Four Lanes, Divided.

|
|
|

C4aD i Major Collector, Bur Lanes, Divided.
i
|
|

C4U Industrial Collector, Four Lanes, Undivided.
cau Minor Collector, Two Lanes, Undivided.
L2U Local, Two Lanes, Undivided

7.3 Geometric Street Design Standards
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Minimum geometric street design standards for the number of lEmeswidths, righof-way
widths, median widths, and parkway widths shall conform to Appendix F.

The design speeds for all roadways shall conform to Appendix F. The design speed does not
necessarily indicate the posted speed.

The maximum grade refers tioe vertical slope of the street and shall conform to Appendix F.

7.3.1 Vertical Curves

Vertical curves shall be designed when an algebraic difference in grades exceeds one percent
(1%). Elevations shall be shown on the construction plans dt tem t nfedvdlséirough

vertical curves. The gradient for tangents to vertical curves at railroad crossings shall be a
maximum of three and oftealf percent (3.5%). The length of all crest vertical curves shall be
determined by sight distance requirementstlier design speed. The minimum design speed on
any vertical curve shall be based on the street classification.

7.3.2 Sight Distances

Intersections and curves shall be evaluated for adequate sight distances. Minimum sight
distances shall conform to Appendix F

7.3.3 Right-of-Way Clips

Rightof-way clips shall be established at all intersections. Unless larger clips are indicated at a
particular intersection, a twenfgot by twentyf o ot (206 X 206) triangul
corner clip, measured at the propdihe, is required on each corner of the intersection of two

local streets. A twentfive foot by twentyf i ve f oot (256 x 2506) tria
corner clip, measured at the property line, is required at any intersections with collectsiostreet
greater.

7.3.4 Horizontal Curvature

Horizontal curvature is defined as the centerline radius of the streebfiglaty. Horizontal
curvature shall conform to Appendix F
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7.3.4.1 Arterials

Arterials with a centerline radius, of the righftway, less than twdhtousand feet (2, 0
be designed considering recommendations for selgeation in accordance with the American
Association of State Highway and Transportat:i
Hi ghways and Streetso, 2004.

Signage and dign speed shall be considered for all curved arterials. The maximum rate of
superelevation shall be 0.04 for urban conditions.

7.3.4.2 Collector and Local Streets

Collector and local street horizontal curves shall be designed withoutedepation.

The minmum curvature for a local street shall be in accordance with Appendix F.

Right angle intersections may be used on local streets when a knuckle is included. The

mi ni mum centerline radius shall be fifetyy feet
degrees (90°) plus or minus ten degrees (10°). A knuckle is not required if lots do not front the
outside corner of the turn from point of curvature to point of tangency and no parking is enforced

on the outside curve either via signage or markingtine as a fire lane. (See Figly

NO PARKING AND NI O

Figure 71
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7.3.5 Obstruction Clearances

Each street shall be evaluated for adequate clearances from obstructions. Such obstructions
could include retaining walls, abutments or bridge columns, sign posts, large tiessd ovalls.

Refer to Appendix F for minimum vertical and lateral clearance requirements. Vertical
clearances down to two feet (206) from the f ac
paved shoulder may be considered for landscaping with afi§pggaproval.

7.3.6 Tangent Length

Tangent length is defined as the distance between the point of tangency and the point of
curvature of two adjacent curves along the centerline of the streebfiglaty. The minimum
tangent length between reverse curves kh be one hundred feet (1006

7.3.7 Intersections

Curb radii, measured from the face of curb, shall be twhwyfeet (25') minimum on local
streets and thirty feet (30") minimum on residential major collectors, arterials or larger roadways,
except as praded in Section 7.3.8. An evaluation of vehicular types and volumes in
commercial or industrial areas may require increased radii. Radii should be increased at skewed
intersections.

Streets and traffic lanes shall be properly aligned across an iniemseBroposed streets shall
be aligned with existing streets.

When turnouts are provided at an existing street, the ultimate cross section is required to the end
of curb return. Pavement transition is required to reduce the pavement width to they existin
Cross section.

Intersections shall be designed as a high point in the drainage system, when possible.

Streets intersecting major arterials or larger roadways shall maintain a minimum of three
hundred feet (30006) of s e¢hpdstaade iramnpavemer8 tBageafr at i o
curb to face of curb. Streets intersecting collector streets shall maintain a minimum of two
hundred and fifty feet (2506) of <cl earance.

one hundred and fifty feet (5 0 6 ) .
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Offset intersections are not permitted on any arterial if the offset distance (or clearance between
streets) i's |l ess than three hundred feet (30
hundred and fifty feeti Rty 6f)e eotn (c&Ad)ecamrl sds

Lane drop tapers shall conform to Appendix F.

Except where existing conditions will not permit, all streets, major and minor, shall intersect at a
ninety-degree (90°) angle. Variations of more than ten degrees (1G®cmmdary and local
streets and more than five degrees (5°) on arterials may be allowed by Specific Approval.

Right turn lanes at arterial and collector intersections shall be designed and built in accordance
with Appendix F.

Where local streets intaxst arterial streets, the local street must have a minimum radius of 35
feet and a minimum width of 28 feet, measured from the back of each curb.

Pavement width transitions shall conform to Appendix F. Transition lengths shall meet or
exceed requiremesnbf the Texas Manual of Uniform Traffic Control Devices.

Left turn lanes must conform to Appendix F. The City may require that the specified minimum
bay storage lengths be increased based on a traffic analysis. New middle block median openings
to serveprivate driveways shall include left turn lanes in accordance with Appendix F.
(Ordinance No. 1278, Section 5, 2001)

Median openings shall conform to Appendix F. On major arterials and larger roadways, when
areas adjoining the rigiatf-way are not plared for immediate development, esplanade openings
may be spaced one thousand feet (1,0006) apar

7.3.8 Cul-de-sac bulbs

For Culdesacs and their variants located in single family residential areas the pavement radius
measured to theate of curb shall be at least forty feet (40") and all turns including tfee@ac
itself must accommodate a S0 turning path.

For multifamily residential, commercial, and industrial areas, the pavement radiusde sats
measured to the face ofirb shall be fifty feet (50").

The rightof-way radius shall be clear of permanent obstructions. Unpaved medians on modified

cul-desacs may be allowed by Specific Approval when the request is accompanied by
verification that the modification can accoradate a StBO turning path.
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The distance from the face of curb of a-dalsac to the righof-way line shall be a minimum of
ten feet (10").

Curb radii at the transition to the edé-sac shall have a minimum radius of twefitye feet
(25") in singlefamily residential areas and thitfive feet (35') in other areas, measured at the
face of curb.

The length of a cutle-sac street is defined as the distance from the centerline of the intersecting
pavement to the center of the @@ sac bulb measurediomg the centerline of the street righft

way. (Ordinance No. 1161, Section 6, 1999). The maximum length afesdc streets for
residenti al subdivisions shall be -desa mayh ous an
serve a maximum of twenfyve (25) residential lots, whichever is less.

The maximum length of cude-sac streets for commercial or industrial developments shall be
five hundred feet (5000). A traffic anal ysi s
high traffic volumesnay result in a reduced maximum-désac length.

7.3.9 On Street Parking

Guidelines for permitting ostreet parking are given in Appendix F.

7.4 Pavement Structure Requirements

The pavement structure for each roadway shall be designed based on soil daie fsaeand
based on the anticipated traffic volume, loading and service life of the proposed pavement
structure as identified in the geotech report

Water reducers and concrete additives are prohibited when the ambientatenepis less than

90 degrees

Local residential streets (L2U) shall have a minimum thickness of six inches (6") with number
four (#4) rebar spaced at twerftyur inches (24") measured center to center of the rebar.

Residential, collector streets (C2U and C4D) and all streets iti-faolily residential, or
commercial, or industrial areas shall have a minimum thickness of seven inches (7") with
number four (#4) rebar spaced at eighteen inches (18") measured center to center of the rebar.

Vehicles of all types are prohibited fromivdng on new pavement for three (3) days after the
concrete pour and until the concrete has reached a minimum compressive strength of 3,000 psi.
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Pavement protection such as a dirt layer of at least 12 inches is required for track equipment at
pavement crssings.

Industrial areas and arterials (C4U, P4D, P6D, and P8D) and larger roadways shall have a
minimum thickness of eight inches (8") with number four (#4) rebar spaced at eighteen inches
(18") measured center to center of the rebar.

The Design Engirer is responsible for designing the pavement structure to withstand the
anticipated loads on the roadway. Soil borings shall not be spaced at a distance greater than five
hundred feet (5006) and shalll ext etpofe@rbmi ni mu

Hot-mix asphaltic concrete pavement shall be designed for each individual project based on a
geotechnical analysis prepared by a registered engineer. Minimum requirements shall include
three inches (30) of soffatebcbureed dade, sand
lime stabilized sub grade.

Sub grade beneath concrete andrhot asphaltic concrete pavements shall be stabilized with a
minimum six percent (6%) lime by weight, or a blend ofdsh and lime to achieve ailsB.l.

between 10 and 20 ,. If a P.I. of less than 20 cannot be obtained, then the lime treated soils must
obtain a pH of 12.4, eight i-fivepereest(96%)atandardh i c k
proctor density. Alternate sub grade stabilizatiomay be substituted when specific
recommendations are made by the geotechnical engineer for the project. Theadaib
stabilization shal/l extend a minimum of two f

Concrete pavement thickness design is required fondilstrial areas and on major collectors
and arterials. Concrete pavement thickness design shall be based on American Association of
State Highway and Transportation Officials design procedures for rigid pavements.

Any tie-in connection to an existing corete roadway other than an existing doweled expansion
joint or existing pavement header shall be made by making a full depttusalong the face of
the curb.

Dowels shall be number four (#4) bars, twefttyr inches (24") long, embedded twelve inches
(12060), secured by epoxy and spaced in accorda

Deadend streets or ends of concrete slabs designed to be extended in the future shall have
paving headers and fifteen inches (15") of reinforcing steel exposed beyond the pavement,

coatal with asphalt and wrapped with burlap or paving headers and a dowel type expansion joint

for future pavement tie.

Pavement extensions shall connect to the existing pavement with a pavement undercut and a
mi ni mum steel over | apotheCity of Sugar LanccStaadsrd Detailso ) . R
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All concrete to be removed shall be removed either to an existing joint or a sawed joint

The slump for concrete without a water reducer shall be no more than five (5) inches. The slump
for concrete using a watt reducer shall be no more than six (6) inches.

Any standing water or "bird baths" remaining more than eight (8) hours after flooding the street

shall be considered unacceptable and a remedy will be required. Grinding of pavement up to 1/8
-inch thicknes is an acceptable remedy. For areas requiring adjustment greater tiach,1/8

foam lifting or other remedies are required. If the pavement is removed and replaced, the
pavement must be removed and replaced to a construction joint.

All concrete streetand bridge surfaces shall have a medium broom finish.

Handmanipulated mechanical vibrators shall be used for proper consolidation of concrete along
forms, at joints, and in areas not covered by mechanically controlled vibrators.

7.5 Pavement Materials

Thefollowing materials are to be used for pavement construction:

A. Concrete: five and a half (5%2 ) sacks cement per cubic yard concrete; 3,500
psi unconfined compressive strength at twezight (28) days.

B. Reinforcing steel Grade 60, ASTM A615, curme.

All materials and workmanship shall conform to the Texas Department of Transportation
Standard Specifications and the Texas Manual on Uniform Traffic Control Devices, latest
revisions.

All special, norstandard materials, such as concrete pavers,spadial signage require a
Specific Approval. The City will not accept any nRstandard materials for maintenance and any
incidental maintenance of natandard items by the City of Sugar Land will be done using
standard materials and methods.

7.6 Grading and Layout Requirements

The minimum gradient on a street gutter line shall be 0.35 perédinstreets shall be cleaned,
flooded and inspected for surface cracks and birdbaths prior to initial and final acceptance.
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Inlet spacing shall be as defined in &t 6.6.2.

The maximum earth cut measured from finished grade at theofigiay line to top of curb
shall be 1.75 feet. The maximum slope for driveways shall be ten (10) to one (1) (10%).

The minimum grade shall be one percent (1%) fall aroundtalisection turnouts. ..

All streets must have atleastafeunc h (40) high concrete curb o
No. 1148, Section 4, 1998)

The minimum slope for the gutter of a -@d-sac or of the long radius of an elbow shall be 0.60
percent.

The amount of cross slope over the pavement section is provided on the City of Sugar Land
Construction Details.

When connecting to an existing curbed street, the gutter lines for the proposed and existing
streets shall be matched.

The proposedop of curb elevations shall be designed to match the top of the curb at an existing
inlet.

The top of curb elevations shall be shown on the construction plans.
Gutter elevations are required for vertical curves where a railroad track is being crossed.
Where railroad crossings are not at right angles to the pavement slab, vertical curves shall be

calculated for each curb line and shall be provided afoein(10') intervals in the profile.

7.7 Traffic Control Devices

Traffic control devices shall be imdled as warranted by a traffic study.

Type 1l barricades must be permanently installed at the end of all-etehdtreets not
terminating in a cutlesac and at all turnouts. Barricades must meet the requirements of the
Texas Manual of Uniform Trafti Control Devices (TMUCTD) for Type Il barricades.

Traffic and street signage locations shall be shown on the paving site plan in the construction
plans. Traffic signs shall conform to the requirements of the Texas Manual of Uniform Traffic
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Control Devices. All signage shall be installed in accordance with the approved construction
plans.

7.7.1 Traffic Signs (Ordinance No. 1148, Section 5, 1998)

Standard sign blanks must be aluminum conforming to ASTM B209; alloy-HGB2
Preparation of aluminum signdrks must conform to specification MIC-5541C. The coating
material must be included on the OBL70610 list or subsequent additions thereto. Sheeting
for signs must be Scotchlite (or approved equal). Visual Impact Performance (VIP) Diamond
Grade Sheaig must be used on all signs on all roadways classified as Arterial or greater.
Scotchlite brand (or approved equal) High Intensity Sheeting is required on all other road signs.
Signs must be mounted o328 inch diameter by twelvioot (12") long galanized tubular posts

with vandaiproof mounting brackets. (For equals, refer to the City of Sugar Land Approved
Products List).

Street name signs must be at least4micbes (9") in length. The sign sheeting color type must

be blue, electrocut film #I7b. The sign sheeting must be Scotchlite brand sheeting (or approved
equal). Visual Impact Performance (VIP) Diamond Grade must be used on all street names for
arterial streets. High Intensity sheeting is required on all other roads. All signs niudéinc
threeinch (3") size hundred blocks and abbreviated roadway classifications. Altitlciee

numbers and |l etters must be 7/ 16" stroke widf
must be incorporated into street name signs and the yellow backgmwith black threénch
(3") size |l ettering must be at the end of the

The nineinch (9") street name sign blanks must be aluminum conforming to ASTM B209; alloy
5052H38 or 5154H38. Preparation of aluminum sidianks must conform to specification
MIL-C-5541C. The coating material must be included on the-810610 list or subsequent

additions thereto. The sign blanks must be extruded aluminum and must be installed on tubular
sign supports with a minimum sidength of thirty inches (30") and a maximum length of forty
eight inches (48"). When a fANo Out-foue®48). i s i n
Letters must be white six inch (6") upper and four inch (4") lower case with Helvetica medium,

font #H0907 letter style. The six inch (6") upper case letters must have a stroke wigthtof 1

inch and the lower case four inch (4") letters must have a stroke widthL/d6linch. To
accommodate longer street names, alternative stroke widths mpproged.

Overhead street name signs are required on all traffic signals. Overhead street name signs must
be fourteen inch (14") with blue electrocut film #1175. Signs must be Scotchlite brand (or
approved equal) VIP sheeting and the aluminum must k250gauge with radius corners.
Preparation of aluminum sign blanks must conform to specification@A8541C. The coating
material must be included on the QBL70610 list or subsequent additions thereto. All signs
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must include four inch (4") size huredt blocks and abbreviated roadway classifications. All
four inch numbers and letters must be 13/16 inch stroke width. The 14" signs must include a 3/4
inch white border on the outside edge of sign. Letter sizes must be eight inch (8") upper case
with a1-11/16 inch stroke width and six inch (6") lower case withl#2linch stroke width.

All permanent and temporary (construction zone) traffic control devices must conform to the
TMUTCD and TxDOT standards (where applicable), latest revision.

All posts nmust be mounted in concrete eighteen inches (18") deep with a minimum of three
inches (3") in diameter of concrete surrounding the post. All sign poles and signs must remain in
their natural condition with no painting or coating allowed.

7.7.2 Pavement Markings

Pavement markings must be shown on the approved construction plans. All pavement markings
must be retrgeflective material applied to the road surface in a molten state by screed/extrusion,
suspended extrusion or spray means, with a surface appliasftiglass beads. For lane
delineation, reflectors must be used on all roadways classified as a collector street or greater.
The City Engineer may approve variations of types of materials due to phasing, temporary
construction, etc. All pavement markingaust comply with the TMUTCD, latest revision.
(Ordinance No. 1382, Section 4, 2003)

Tabs, tape or buttons shall be used for all temporary traffic control striping. Permanent paint or
thermoplastic striping is prohibited for temporary uses.

The removal 6 existing traffic control striping shall be performed using water blasting, sand
blasting or shot blasting. Removal of striping by any methods other than the methods approved
by the City is prohibited.

7.7.3 Multi-Way Stop Signs

Unwarranted multivay stop gns shall not be installed. Installation of muitay stop signs
shall be based on criteria outlined in the TMUTCD, latest revision.
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7.7.4 Traffic Signal System Design Guidelines

7.7.4.1 General

Prior to beginning design, the Design Engineer shall contact the ofiyugar Land to
determine special design criteria, which may include pole types, interconnection with existing
signals, detection, etc.

All new traffic signals shall be mast arm signals with video detection utilizing a minimum of one
camera per approachAll traffic signals that are subject to modification or reconstruction to the
degree that the modification or reconstruction is greater than 50% of the value of the traffic
signal poles and equipment shall be reconstructed as mast arm signals withetg¢ion.

All traffic signals shall be designed in acco
(TxDOT) latest specifications and standard drawings, including the Houston district standards.

All traffic signal designs shall be in accordamagéh the latest Texas Manual on Uniform Traffic
Control Devices and acceptable engineering practices in order to provide safe and efficient
operation. All traffic signals shall be designed to comply with the latest-cft#te-art
operational and funanal features for traffic signal systems required by the City of Sugar Land.

All plans shall provide the information required to properly represent existing conditions and the
proposed work. Plans showing interim phases as well as the ultimate desigujuared if
necessary to adequately communicate the design.

The Design Engineer shall provide all design criteria to the City Engineer.

7.7.4.2 Wiring Requirements
All wiring is stranded, except for #6 solid bond bare wire.

One 2/C #12 for push buttons antkod/C #12 for pedestrian signals per phase.

Luminaire cables (2 #8 XHHW) shall {pass the controller and cabinet and go directly to the
service enclosure.

One 7/C #12 for vehicular signals, generally one 7/C #12 for tsecBon heads and one 7/C
#12for left turn signal.

140 Division 7, Roadway Design



City of Sugar Land Design Standards

Three 1/C #4 XHHW with 1 #6 bare copper wire in a 1 1/4" PVC conduit between the controller
and cabinet and service enclosure.

Provide one (1) #6 bare copper wire in all conduits other than #14 XHHW stranded wire cable
for loops.

Typical video detection cables consist 68/C #16 cable and-RG59 coax cable per camera,
unless specified differently by the manufacturer.

One 3/C opticom cable with shield per opticom detector.
All other cable(s) shall conform to the manufacturecommended design.

Message signs shall be provided for all primary approaches for at least 72 hours prior to traffic
signal activation.

7.7.4.3 Conduit

All work shall conform to NEC codes.

All conduits shall be PVC except where there are risers, 45 degneererbends and exposed or
above ground conduit.

Typically 1" conduit for loops (between ground box and edge of pavement), 2" conduit for loop
home runs (2/C #14). Size all conduits by calculating the maximum fill as per NEC code.

Proposed conduits shabe bored and jacked under paved areas and shall be identified on
layout(s).

At each strain pole provide a 3" (minimum) conduit from pole foundation to ground box for
future use.

Provide a distance of 5 feet from ground box to any pole for future Wwiagetamps.

7.7.4.4 Construction Plan Requirements

Construction Plans for Traffic Signals shall
set of signal system construction drawings shall include, but is not limited to the following:
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1. Title Sheet andfolndex of Sheets
2. General Construction and Utility Nnotes
3. Basis of estimate
4. Condition Layout
5. Paving Layout (when applicable)
6. Pavement Marking and Signing Layout
7. Plan Layout

8. Legend for Plan Layout

©

Signal Elevations (when applicable)

10. Anchor Bolt Deails (when applicable)
11.Signal Interconnect Sheet (when applicable)
12.Pedestrian Walkway Details

13.Notes for Plan Layout

14. Standard Detail Sheets (all required and latest)

15. Traffic Control Plan

The content of each drawing is described below.

7.7.4.4.1 Title Sheetand/or Index of Sheets

The title Sheet and/or index sheets shall include as applicable:
A. Intersection(s) and street name(s)

B. Design Engineer,
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C. The City of Sugar Land Logo

D. The date when the plans were completed
E. A vicinity map/key map withthe signal location specified
F. An index of sheets included in the plan set

G. The project title including project scope and proper road names
H. The source of funding for construction
l. Any special notes.

J. A site map with north arrow

7.7.4.4.2 General Costruction and Utility Notes

This sheet shall provide all utility notes for all known utilities including contact information,
services located within the project, and all other pertinent information. The Service Outlet and
Data Statement from the powaympany should be prominently noted.

7.7.4.4.3 Basis of Estimate

This sheet includes all wires and cables, conduits, ground boxes, span wires, etc. and their
calculated gquantities.

The estimated quantities shall be detailed by location or specific system.

Provde all items detailed an item number and a reference.

Bid items will be discussed under bid documents.

Identify materials to be furnished by the City of Sugar Land or others (when applicable).

Quantities are for estimate purposes only.

7.7.4.4.4 Condition Layout
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The Design Engineer shall completely represent the conditions existing at the project site prior to
the planned construction on this plan. At a minimum the plan should depict all existing signage
(including speed limits on all approaches), joints inguaent, types of pavement, condition of
pavement (for loops), utility locations, street geometry, and any existing signal equipment.

7.7.4.4.5 Paving Plan (when applicable)

Depict the proposed design showing required wheelchair ramps/landings to access pedestrian
push buttons. These paving improvements must comply with the current Texas Accessibility
Standards (TAS) of the Architectural Barriers Act.

Provide applicable construction notes and/or paving details including ramp/landing dimensions.

7.7.4.4.6 Pavement Markingrad Signing Layout

This plan shall show all proposed paving improvements as existing and include all existing
signing and striping.

The plan shall depict the proposed design of
signs are typically providedn all approaches.

At a minimum the plan should depict all:

Rightsof-way

Roadway geometry

Utilities

Existing Sign details (complete)
Proposed Sign details (complete)
Construction signing

Stop bars

Crosswalks, if required
Wheelchair ramps, if gired
Special notes

7.7.4.4.7 Plan Layout sheet

This plan shall show all proposed paving improvements, signing and striping as existing.
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The westbound left turn is signal head 1 and continues clockwise.

The northwest corner pedestrian signal for westbound e continues clockwise.
Provide separate pole for the service meter with an enclosure and photoelectric cell.
Locate the controller and cabinet at the nearest service if possible.

Locate the controller and cabinet so as not to restrict the sgihhde for right turns on red.

Install the communications ground box with 3 inch PVC and bare wire for future use near the
cabinet if there is no existing hardwire interconnect system.

Two (2) Luminaires are required and are to be located in the fdraoghers along the major
street.

Video loop detection typically uses one camera per approach.

Mul ti ple pulse | oop detectors (60x606 one per
speed.

Loop Detector or Detector Zone placement is as follows

Distance From Back of Stop Bar to Front of Loop

(Loop distance in feet)

MPH 1st Detector 2nd 3rd Detector| 4th Detector|

Stop Bar Detector 6' X6 6' X6

6' X 6'

35 6' X 20' 90 190 n/a

40 6' X 20' 110 240 n/a

45 6' X 20' 175 290 n/a

50 6' X 20’ 220 350 n/a

55 6' X 20' 225 320 415

60 6' X 20' 275 375 475

65 6' X 20’ 320 430 540

70 6' X 20' 350 475 600

Additional Loop Detector Locations:
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All approach lanes will provide a 6'x20' loop (front of loop located 5" in front of center of

stop bar).
Left turn | anes provide a second 6'x20" pr
One (1) Il oop per |l ane wil/ be wired and | abe!

connected in the cabinet for use in data collection.

Loop sizes andocations are subject to change due to pavement joints, broken pavement,
manholes, etc.

No loop shall be cut through pavement joints.
Loops are identified by phase.
Signal Head Mounting shall comply with the following:
1. Span Wire: 2 brackets forsgéction and larger traffic signal heads
2. Mast Arm: 2 Astro brackets for 4 section and larger traffic signal heads.

Provide this note: "Contractor shall expose utilities as needed to install pole foundations".

7.7.4.4.8 Legend for Plan Laydu

Provide signahead schedule illustrating all vehicle signal heads and signs attached to signal
heads.

Provide sign schedule and dimensions showing all overhead signs.

Symbol legend, including pole descriptions and equipment attached to poles.
Electrical schedule anabtes.

Provide various notes to contractor.

Any additional notes or details.
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7.7.4.4.9 Signal Elevations (for strain pole type design only)

Span wire signal system shall be allowed on a temporary basis during construction only.

Poles, signals and pedestriamsity numbered and details.

Show video detection or any other directional devices in their proper place.

Elevation views for all approaches and proper callout.

Electrical schedule callouts and guy wire details.

Show all conduits in foundations and aalit what conduit runs serve.

Add note: AFor Legend and Callouts See Traffi
Luminaire locations.

Centerline of street.

Special notes or detalils.

7.7.4.4.1Anchor Bolt Orientation Details (for strain pole type design only)
Provide detail pr TXDOT standards

7.7.4.4.13Signal Interconnect Sheet

Show all existing/proposed intersections involved.
Design notes for connections.

Electrical chart for interconnect cable(s).

Add Not e: ARefer to I ntersection Leédgiamalt s an
| nformati on Regarding Communication Cabl eo.

All required details and elevation details.

Intersection locations for interconnect system.
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7.7.4.4.1Pedestrian Walkway Details

Current pedestrian walkway details with the following plan layout details:
Existing intersection condition.
Proposed pole locations and identified.

Proposed pedestrian walkway design layout.

7.7.4.4.13otes for Plan Layout

Callouts for all signals and sign types.

Callouts for all signs and all sign types.

Notes to reference speciftieet(s).

Any note pertaining to signal design shall be included.
Special VIVDS specification if required.

Special equipment descriptions.

Maintenance of existing traffic signals and operation parameters.

7.7.4.4 145tandard Detail Sheets

Any details pertainingo the proposed signal design shall be included.
The details shall be the latest available from the City of Sugar Land and TxDOT.
Any necessary quantities, i.e. pole and foundation details, shall be filled out.

7.7.4.5 Approved Products

All equipment and matials utilized on traffic signals within the City of Sugar Land shall
conform to the latest Approved Products list and shall be subject to the approval of the City
Engineer.
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7.8 Sidewalks and Crosswalks

Sidewal ks shall be a mthrandrioocated anfeacli side ef allf pabéct (5¢
streets with the exception of US 59 and SH 99. Construction of a sidewalk will be deferred until
a lot is improved.

Sidewalk wheelchair ramps shall be required at all intersections and driveways. Sidewalks an
ramps shall be located within the righftway at the crosswalk area. Sidewedknps will be
constructed monolithically with pavement. (Ordinance No. 1265, Section 1, 2001)

Crosswalks constructed through an esplanade shall be a minimum of six) fesd€6
All sidewalks and ramps are to be constructed in accordance with the City of Sugar Land
Standard Details and in accordance with ADA requirements.

Sidewal ks shall be | ocat e-df-waywoin an ad@cent fedliéa) wi t h
easement as approved by the City. (Ordinance No. 1265, Section 2, 2001)

Where concrete curb and gutter streets are not present or where the potential for future roadway
widening exists, a sidewalk easement shall be provided along the existing road-ngty.

7.9 Alleys

Service alleys in commercial and industrial districts shall have a minimurrofigidy width of
twenty feet (206) and a minimum concrete pave
may be substituted upon approval by the Cithd easement is also a fire lane easement. (Refer

to Section 8.7 for fire lane requirements.) In residential districts, alleys shall be parallel, or
approximately parallel to the frontage of the street. Alleys in residential districts shall have a
minimum of ei ght een-offvagt a8 ad@ wedfverifegkrtt (126) of

Alleys for commercial and industrial districts shall have a minimum thickness of seven inches
(70) with number four (#4) r ebantersogenteroftheat e
rebar. Residenti al all eys shal/l have a minir
(#4) rebar spaced attwertyour i nches (240) measured center
Alleys shall have a minimum gradient on gutter lim® &0 percent.

Al l eys shall be constructed eightsandWo(8£80) on
to the Standard Detail.
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8.0 SITE DEVELOPMENT REQUIREMENTS

8.1 General

Site development plans for all site developments within the City of Sugad and its
extraterritorial jurisdiction shall be approved by the City Engineer prior to construction.

Site developments, not including single family residential, shall include any project that affects
public water, wastewater, storm drainage, ornpavacilities.

All site developments shall conform to the requirements of these Standards, the current adopted
Building Code, and applicable rules and regulations of the City of Sugar Land.

All wastewater, drainage and paving related site developmerovements shall be privately
owned, operated and maintained up to and including the connection to the public system. All
potable water related site development improvements shall be privately owned, operated and
maintained up to but not including the texeand meter vault.

Site development improvements which serve more than one private party, are located within
public streetrightof-way or easements, are | ocated within
standards set forth herein, may be acceftgdhe City of Sugar Land for operation and
maintenance.

Site development plans shall include: (A) Traffic Control Plan that is in conformance with the
latest version of the TMUTCD standards. (B) Storm Water Pollution Prevention Plan that
complies withthe TCEQ Best Management Practice.

8.2 Building Slab Elevations

Mi ni mum building slab elevations within the
elevation required by the recorded plat, (2) twelve inches (12") above thgeaO@lood plain

elevaion and maximum ponded elevation, (3) eighteen inches (18") above natural ground, or (4)
twelve inches (12") above the top of curb at the front of the lot, whichever is higher. Building

sl abs shall conform to the Ci n gndflood @amadgen an c e
prevention. Minimum building slab elevations within the extraterritorial jurisdiction of the City

of Sugar Land shall conform to the requirements of Fort Bend County. Minimum slab elevations
shall be shown on the Overall Plan and/ogiatding plan in accordance with Chapter 6.
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8.3 Water Service

Water service lines and meters shall be sized in accordance with requirements set out in Section
4.0 of these Standards.

8.4 Sanitary Sewer Service

Sanitary sewer service leads are normally itedfatiuring construction of the public sanitary
sewer. When a sanitary sewer service lead is to be installed for a site development, refer to
requirements set out in Section 5.0 of these Standards. All lots, tracts, or reserves shall be
connected directlyo a public sanitary sewer by a single lead, except as specifically approved by
the City Engineer. The City Engineer shall be contacted for all sanitary sewer connections for
commercial projects within the City and its extraterritorial jurisdiction. cAthmercial sanitary

sewer service connections shaltitito a manhole by core.

Tie-in to the manhole shall be cored. If a drop service connection is to be made, the-uirop tie
will be made on the outside of the manhole. The connection shall be setledonshrink
grout inside and out. A drop service connection is required for any teer three (3) feet
above the flow line.

8.5 Site Drainage Requirements

All commercial, industrial, office, recreational, and mdgtmily tracts deeper than one hued

feet (100") measured from the righftway line shall have an internal drainage system. The
internal drainage system shall collect all site runoff beyond one hundred feet (100" from the
right-of-way line into a storm sewer system that shall conrmetiéd public drainage facilities in

the area, except with specific approval. The one hundred foot (100" area adjacent to-tfe right
way may sheet flow to the roadway drainage system if the roadway system is designed to
accommodate the additional shéetv from development.

The internal site storm sewer shall be connected to a public storm sewer at a manhole or at an
inlet adjoining the site. The site drainage outfall shall be connected to the nearest existing
drainage system with adequate capatityserve the drainage area. Where extension of the
existing drainage system is required, all costs for extension shall be the responsibility of the
development.

All internal site storm sewers extended into a public rafhwvay or easement shall be rented
concrete pipe sized to drain the site. Only one connection will be allowed into the back of a curb
inlet. Storm sewers shall be reinforced concrete pipe, ASTR,Class I, with rubber gasket
joints, ASTM G443.

All internal facilities shall belesigned by a registered professional engineer and shall be sized to
drain the site in accordance with these Standards.
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Drainage calculations shall be submitted with all site development plans. Other supporting data
may be required by the City Engineer.

Calculate the maximum ponding elevation based on the extreme event for each new inlet being
constructed osite within the paved areas. The ponding shall not exceed six inches (6") in a
parking space or nine inches (90) in all othe

When the sitalrains directly into a Fort Bend County drainage facility, or into a highway-right
of-way, the appropriate governmental entity shall approve the site development connection to
public facilities.

8.6 Electronic Submittal of Approved Site Plans

Approved site fans, with signed City of Sugar Land approval block, shall be submitted on CD
ROM or DVD as specified in section 2.£&lectronic SubmittalsB. Scanned Image Format.

8.7 Fire Lanes

Fire lane easements shall be created on all +fauttily and norresidenial tracts. All fire lane
easements must have access to public roadways and shall be located so that no building is greater
than one hundred and fifty feet (1obvH) from e

Fire lanes shall be either tweritye et ( 206 ) wiidvee wWiotoh t(wedodr)y r adi
feet (2406) wWiodbde wWi2t0M )t wearndti y .

Fire lanes shall be constructed using the same pavement structural requirements as public
pavement.

Fire lanes shall be designed to drain imptiance with the s& development requirement
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9.0 GUIDELINES FOR BEST MANAGEMENT PRACTICES

9.1 GENERAL

The purpose of this document is to provide minimum design parameters for certain Best
Management Practices (BMPs) for storm water qualitiufea for new development and

significant redevelopment. Use of the BMPs presented here does not guarantee acceptance of a
particular Storm Water Pollution Prevention Plan ( SWP3) or the effectiveness of the BMP to
reduce pollutants. Other BMPs may be g@table on a casky-case basis. The SWP3 should
include the implementation and maintenance of structural andtnactural best management
practices to reduce pollutants in storm water runoff from residential, commercial and industrial
areas and constriien sites. The SWP3 and BMPs shall be prepared and designed in accordance
with TCEQ and other regulatory guidelines. The BMPs described in the document are intended
to facilitate the plan review process for new development and significant redevelopajectspr
within the City of Sugar Land.

9.2 DEFINITIONS

Best Management Practices (BMP#&)eans activities, practices, and procedures to prevent or
reduce the discharge of pollutants directly or indirectly into the municipal storm sewer system,
waters in thestate and waters of the United States. Best management practices include:

(1) Public education;

(2)  Treatment facilities to remove pollutants from storm water;

(3)  Operating and maintenance procedures;

4) Facility management practices to control:

@ waste containment and dispgsal

(b)  spillage or leaks of neatorm water

(c) drainage from materials storage, and

(d)  storm water runoff

(5) Erosion and sediment control practices for any land disturbing or construction activities;
and

(6) Prohibition d specific activities, practices, and procedures identified in this article and
the federal and state laws, rules and regulations

Construction Site Operator- The person or persons associated with a small or large
construction project that meets eithettw# following two criteria:

(a) the person or persons that have operational control over construction plans and
specifications (including approval of revisions) to the extent necessary to meet the
requirementeae nd conditions of this gener al per m

(b) the person or persons that have dajetp operational control of those activities at a
construction site that are necessary to ensure compliance with a storm water pollution
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prevention plan for the site other permit conditions (e.g. they are authorized to direct
workers at a site to carry out activities required by the Storm Water Pollution Prevention
Plan or comply with other permit conditions).

Final Stabilization - A construction site where either ¢fet following conditions are met:

(a) All soil disturbing activities at the site have been completed and a uniform (e.g.,
evenly distributed, without large bare areas) perennial vegetative cover with a density
of 70% of the native background vegetative coeetlie area has been established on
all unpaved areas and areas not covered by permanent structures, or equivalent
permanent stabilization measures (such as the use of riprap, gabions, or geotextiles)
have been employed.

(b) For individual lots in a resideti construction site by either:

(1) The homebuilder completing final stabilization as specified in condition (a)
above; or

(2) the homebuilder establishing temporary stabilization for an individual lot prior to
the time of transfer of the ownership of the home to the buyer and after informing the
homeowner of the need for, and benefits of, final stabilization.

(c) For construction activities on land used for agricultural purposes (e.g. pipelines across
crop or range land), final stabilization may be accomplished by returning the disturbed
land to its preconstruction agricultural use. Areas disturbed that wereenaiysly used

for agricultural activities, such as buffer strips immediately adjacent to a surface water

and areas which are not being returned to their preconstruction agricultural use must meet
the final stabilization conditions of condition (a) above.

lllicit Connection i Any manmade conveyance connecting an illicit discharge directly to a
municipal separate storm sewer.

lllicit Discharge i Any nonstorm water discharge to a municipal separate storm sewer system,
except discharges pursuant to a NPDESri#t, TPDES Permit, or separate authorization, or
discharges resulting from emergencyfiighting activities.

Outfall - For the purpose of this permit, a point source at the point where a municipal separate
storm sewer discharges to waters of the Win8eates (U.S.) and does not include open

conveyances connecting two municipal separate storm sewers, or pipes, tunnels, or other
conveyances that connect segments of the same stream or other waters of the U.S. and are used
to convey waters of the U.S.

Point Source - any discernible, confined, and discrete conveyance, including but not limited to,
any pipe, ditch, channel, tunnel, conduit, well, discrete fissure, container, rolling stock,
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concentrated animal feeding operation, landfill leachate collesyistem, vessel or other
floating craft from which pollutants are or may be discharged. This term does not include return
flows from irrigated agriculture or agricultural storm water runoff.

Storm Water and Storm Water Runoff i any surface flow, runoff, andrainage consisting
entirely of water from any form of precipitati@n irrigationand resulting from such
precipitationor irrigation

Storm Water Associated with Construction Activity i Storm water runoff from an area where
there is either a large consttion activity or a small construction activity.

Structural Control (or Practice) i A pollution prevention practice that requires the

construction of a device, or the use of a device, to capture or prevent pollution in storm water
runoff. Structural cotrols and practices may include but are not limited to: wet ponds,
bioretention, infiltration basins, storm water wetlands, silt fences, earthen dikes, drainage swales,
vegetative lined ditches, vegetative filter strips, sediment traps, check dams,aédtains,

storm drain inlet protection, rock outlet protection, reinforced soil retaining systems, gabions,

and temporary or permanent sediment basins.

9.3 EROSION CONTROL PLAN REQUIREMENTS

An erosion control plan shall contain at a minimum the follovitegs:
a) The proposeddcation of Refuse Area

b) The proposedokation of Concrete Washout Area

c) The proposeddcation of Chemical Storage Area

d) The proposeddcation of Portable Toilets

e) The proposedication ofBMPs

f) The sze of Affected Area

g) The bbcation ofAll Outfalls for Stormwater Discharge

h) The depiction of Drainage area and Flow Pattern

i) LabeltheTotal Number of Acreage

}) A Vicinity Map

k) Contact information for the person responsible for the preparation of the plan.

9.4 BEST MANAGEMENT PRATICES
The SWP3hal be prepared in accordance with TCEQ guidelinesstuodild include the
implementation and maintenance of structural andstarctural best management practices to
reduce pollutants in storm water runoff from residential, commercial, industrial anductiostr
sites.Below are recommended best management practices that may include but are not limited
to:

(a) Reinforced Silt Fence
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(b) Stone construction entrance
(c) Curb Inlet Protection

(d) Rock Berm

(e) Wye Inlet Protection

(f) Erosion Control Blankets
(g) Dewatering Controls

(h) Filter Tube Controls

(i) Concrete Washout Controls

All protective measures identified in the SWP3 must be maintained in effective operating
condition. If, through inspections or other means, the construction site operator determines that
BMPs are not operating efftively, then the construction site operator shall perform

maintenance as necessary to maintain the continued effectiveness of storm water controls, and
prior to the next rain event if feasible. Erosion and sediment controls that have been intentionally
disabled, rurover, removed, or otherwise rendered ineffective must be replaced or corrected
immediately upon discoverif. periodic inspections or other information indicates a control has
been used incorrectly, is performing inadequately, or is damdgsditte operator must replace

or modify the control as soon as practicable after making the discdiveegiment escapes the

site, accumulations must be removed at a frequencyninahizes oftsite impacts, and prior to

the next rain event, if feasibld# the construction site operatdioes not own or operate the-off

site conveyance, then the permittee mustdadk with the owner or operator of the property to
remove the sediment.

Rock Berm Maintenancelhe rock berm shall be inspected every two weelafter each 1/2"

rain event and shall be replaced when the structure ceases to function as intended due to silt
accumulation among the rocks, washout, construction traffic damage, etc. When silt reaches a
depth equal to onthird of the height of the b or one foot, whichever is less, the silt shall be
removed and disposed of properly. When the site is completely stabilized, the berm and
accumulated silt shall be removed and disposed of in an approved manner.

Temporary Stone Construction Entrance/BA#intenance When sediment has substantially
clogged the void area between the rocks, the aggregate mat must be washed down or replaced.
Periodic regrading and top dressing with additional stone must be done to keep the efficiency of
the entrance fromighinishing.

Curb Inlet Protection Maintenancdnspection shall be made by the contractor and silt
accumulation must be removed when depth reaches 2". Contractor shall monitor the performance
of inlet protection during each rainfall event and immediatetyove the inlet protections if the
stormwater beings to overtop the curb. Inlet protection shall be removed as soesitshas

reached final stabilized
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Silt Fence Maintenancelnspection shall be made every two weeks and after each 1/2" rainfall
Repair or replacement shall be made promptly as needed. Silt fence shall be removed when the
site is completely stabilized so as not to block or impede storm flow or drainage. Accumulated
silt shall be removed when it reaches a depth of half the hefigie fence. The silt shall be
disposed of at an approved site and in such a manner as to not contribute to additional siltation.

Erosion Control Blanket Maintenanederosion control blankstshould be inspected regularly

for bare spots caused by weatlor other events. Missing or loosened blankets must be replaced
or reanchored.Check for excess sediment deposited from runoff. Remove sediment and/or
replace blanket as necessary. In addition, determine the source of excess sediment and
implement apppriate measures to control the erosion. Also check for rill erosion developing
under the blankets. If found, repair the eroded area. Determine the source of water causing the
erosion and add controls to prevent its reoccurrence.

Dewatering Controls Maimtnance Dewatering controls should be inspected regularly.

Dewatering discharge points should be checked for erosion. Eroded areas should be repaired, and
erosion controls should be installed to prevent future erosion. Dewatering pumps and sediment
contrds should be monitoreat least hourly, while pumps are in operation to prevent

unauthorized dischargand to catch erosion problems or control failure. Conventional sediment
controls should be inspected at least weekly when used for continuous dewatamge they

will become overcome with sediment more quickly than when used to control runoff from storm
events. The controls shall be maintained according to the criteria in their respective sections.
They should be replaced when they no longer pravidenecessary level of sediment removal.
Sediment filter bags should be checked to determine if they need replacing. The bags cannot be
cleaned or reused. They should be used until they reach the manufackecemmended

capacity. The entire bag withdiment can be disposed of as solid waste. If a controlled location
onsite or a spoil site is available, the bag can be cut open and the sediment spread on the ground.
Only the bag is waste in this case.

Filter Tubes MaintenanceOrganic filter tubes shadi be inspected regularly. The filter tube

should be checked to ensure that it is in continuous contact with the soil at the bottom of the
embedment trench. Closely check for rill erosion that may develop under the filter tubes. Eroded
spots must be repand and monitored to prevent reoccurrence. If erosion under the tube
continues, additional controls are needed. Staking shall be checked to ensure that the filter tubes
are not moving due to stormwater runoff. Repair arstake slumping filter tubes. Tubéhat

are split, torn or unraveling shall be repaired or replaced. Check the filter tube material to make
sure that it has not become clogged with sediment or debris. Clogged filter tubes usually lead to
standing water behind the filter tube after th@ erent. Sediment shall be removed from behind

the filter tube before it reaches half the height of the exposed portion of the tube. When sediment
control is no longer needed on the site, the tubes may be split open and the filter material may be
used formulching during establishment of vegetation for final stabilization.

Concrete Washout Maintenanc€oncrete waste management controls should be inspected
regularly for proper handling of concrete waste. Check concrete washout pits and make repairs
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as neded. Washout pits should not be allowed to overflow. Maintain a schedule to regularly
remove concrete waste and prevent dilleng. If illicit dumping of concrete is found, remove
the waste and reinforce proper disposal methods through education ofeasplo

Per TCEQ requirements, erosion control and stabilization measures must be initiated as soon as
practicable in portions of the site where construction activities have temporarily ceased.
Stabilization measures that provide a protective cover mueitlaed as soon as practicable in
portions of the site where construction activities have permanently ceased. Except as provided in
(A) through (D) below, these measures must be initiated no more than 14 days after the
construction activity in that podn of the site has temporarily or permanently ceased:

(A) Where the initiation of stabilization measures by the 14th day after construction activity
temporarily or permanently ceased is precluded by snow cover or frozen ground
conditions, stabilization measg must be initiated as soon as practicable

(B) Where construction activity on a portion of the site has temporarily ceased, and earth
disturbing activities will be resumed within 21 days, temporary erosion control and
stabilization measures are not requiredtmat portion of site.

(C)In arid areas, semiarid areas, and areas experiencing droughts where the initiation of
stabilization measures by the 14th day after construction activity has temporarily or
permanently ceased or is precluded by arid conditionsperoentrol and stabilization
measures must be initiated as soon as practicable. Where vegetative controls are not
feasible due to arid conditions, the operator shall instalivegretative erosion controls.

If non-vegetative controls are not feasible, tperator shall install temporary sediment
controls as required in Paragraph (D) below.

(D) In areas where temporary stabilization measures are infeasibbgetetor may
alternatively utilize temporary perimeter controls. Dperator must document in the
SWP3 the reason why stabilizatiomeasures are not feasible, and must demonstrate that
the perimetecontrols will retain sediment on site to the extent practicable opbeator
must continue to inspect the BMPs at the frequ&stblished in Section IR.7.(a) for
unstabilized sites.

9.5 POST-CONSTRUCTION STORM WATER MANAGEMENT IN NEW
DEVELOPMENT AND REDEVELOPMENT

Postconstruction storm water management in new and redevelopments should include minimum
control measures to control paginstruction runoffThe minimum control measures below are
acceptable and others may be considered on thebgasese basis.
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Minimum Control Measurs

a)

b)

d)

Alternative TurnaroundsDead end streets in residential subdivisions are usually
required to have an acceptableioptfor vehicles to turnaround, with the circular-ce

sac being the most common. The amount of impervious cover can be reduced from the
standard impervious cule-sac. It is acceptable to plagéandscaped island in the center
of the cutde-sac turnarond as long as it maintains an acceptable turning radius.
Alternative turnarounds can be applied in the design of residential, commercial, and
mixed-use development. They may be combined with alternative pavers, biorentention
areas, and other techniquesmeffort to reduce the runoff from the site.

Grassed SwalesA grass swale is a stable turf, parabolic or trapezoidal channel used for
water quality or to convey stormwater runoff, which does not rely on the permeability of
the soil as a pollutant resmal mechanism. Grass swales are used to reduce particulate
pollutants due to settling and filtration. Particulate pollutant removal occurs when the low
velocities and shallow depths allow particulate settling and the grass blades act to filter
runoff fromthe water quality design storm. Grass swales are best suited to transport and
treat stormwater runoff generated from impervious surfaces with small drainage areas.
Grass swales can be used wherever soil conditions and slopes permit the establishment
and naintenance of a dense stand of vegetative cover. Typically, swales have a minimum
bottom width of 2 feet to 10 feet and have a recommended side slope of 4:1.

Catch Basin Insert Catch basins, ab known as storm drain inlets and curb inlets, are
inlets to the storm drain systermsertscan be designed to improve water quality by
removng oil and grease, trash, debris, and sediment can improve the efficiency of catch
basins. Some inserts are dgsd to drop directly into existing catch basins, while others
may require retrofit construction.

Wet Ponds Wet ponds (a.k.a. stormwater ponds, wet retention ponds, wet extended
detention ponds) are constructed basins that have a permanent poolrahreatghout

the year (or at least throughout the wet season). Ponds treat incoming stormwater runoff
by allowing particles to settle and algae to take up nutrients. The primary removal
mechanism is settling as stormwater runoff resides in this pool, @hdant uptake,
particularly of nutrients, also occurs through biological activity in the pond. Wet ponds
are generally oiine, endof-pipe BMPs. The primary pollutant removal mechanism in a
water pond is sedimentation. Significant loads of suspendédatgrulk, such as metals,
nutrients, sediments, and organics, can be removed by sedimentation. Wet ponds can be
used at residential, commercial and industrial sites. Wet ponds mawydiepurpose
facilities, providing only runoff treatment, or they mayibeorporated into an extended
storage or a detention pond design to also provide flow control.
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